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Abstract: The rapid growth of global urbanisation, sustainability has become a 

vital aspect to consider. Due to the increasing population growth, food production 

demands have risen, it made to the development of high-yielding varieties of 

crops and innovative production of food techniques. This study explores the 

compatibility of hydroponic systems with urbanised societies. Hydroponics 

involves growing plants in a controlled environment, requiring less space with no 

soil. In this experiment, greywater used as plants growing medium. Selected 

vegetable, ornamental plants were planted to assess their growth, pest resistance, 

and yield under hydroponic conditions. The study was conducted at both indoor 

and outdoor lab-scale levels. Water quality parameters such as pH, TS, COD, 

BOD were analysed to determine the pollutant removal efficiency of the 

greywater. Greywater sourced from the college canteen was utilised in the system. 

This research indicates that hydroponic systems are well-suited for modern urban 

infrastructure, supporting the principles of a circular economy and SDG 6. 

Furthermore, hydroponic application is eco-friendly and sustainable system to 

enhance the aesthetic of the surroundings as well as to improve the water quality.  
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1. Introduction 

Global urbanization has accelerated rapidly over the past few decades, with over 

world’s more than a half of the population expected to reside in cities by 2050 [1]. This 

demographic shift exerts tremendous pressure on urban infrastructure, particularly 

concerning food, water, and waste management systems. Traditional agricultural 

methods demand extensive land and freshwater resources, which are scarce in densely 

populated areas. Hence, sustainable food production technologies are increasingly 

necessary to ensure food security and environmental preservation [2]. Recent studies 

further emphasize that integrating urban agriculture with climate-tolerant systems can 

significantly reduce resource burdens in cities [3,4]. 

1.1 Hydroponics as an Alternative to Conventional Agriculture 

Hydroponics a soil less technique that support plants to grow with the help of nutrient-

rich aqueous solution has gained attention as a promising alternative for modern 

© The Author(s) 2026
G. Tejaswini and V. Sridhar (eds.), Proceedings of the International Conference on Resilient Innovations for
Subsistence Environment (IC-RISE 2025), Advances in Biological Sciences Research 53,
https://doi.org/10.2991/978-94-6239-606-7_2

https://doi.org/10.2991/978-94-6239-606-7_2
http://crossmark.crossref.org/dialog/?doi=10.2991/978-94-6239-606-7_2&domain=pdf


6             G. Ponni et al.

agriculture [5]. The method offers several advantages: higher yield in less space, 

reduced pest incidence, efficient water use, adaptability to confined urban spaces. 

Additionally, hydroponic systems can be integrated with recycled water streams, 

aligning with sustainable development principles and circular resource management 

[6,7]. Advances in controlled-environment agriculture (CEA), vertical farming, and 

artificial lighting have further strengthened hydroponics as a high-efficiency production 

method suitable for modern cities [8-10]. 

1.2 The Role of Greywater in Hydroponics 

Greywater, defined as lightly contaminated wastewater from sinks, baths, and kitchens 

[excluding toilet effluents], constitutes up to 70% of domestic wastewater [11]. When 

treated or appropriately managed, greywater can be reused for non-potable purposes 

such as irrigation and landscape maintenance. Its nutrient content, particularly nitrogen 

and phosphorus, makes it a potential substitute for conventional hydroponic nutrient 

solutions [12]. Reusing greywater can reduce freshwater consumption, lower 

wastewater discharge loads, and support sustainable urban water management [13]. 

Moreover, recent research confirms that hydroponic plant-based systems can facilitate 

organic pollutant removal and support urban agriculture simultaneously [14]. 

2. Materials and Methods 

2.1 Plant Selection 

Two categories of plants were chosen: 

● Vegetable species: Capsicum annuum (capsicum), Abelmoschus esculentus 

(ladies finger), Spinacia oleracea (spinach), Coriandrum sativum (coriander), 

and Mentha spicata (mint). 

 

● Ornamental species: Alternanthera dendata, Wedelia trilobata, and 

Alternanthera ficoidea. 

 

These species were selected for their adaptability, aesthetic appeal, and frequent use 

in urban landscaping and rooftop gardening. 

2.2 Pretreatment and Acclimatization 

All plants were initially cleaned with running water to remove the dirt. After cleaning, 

the plants were placed in Garland nutrient solution for acclimatisation. The 

acclimatisation period ranged between 2 to 4 days, allowing plants to adapt to a soil-

less environment before exposure to greywater. 
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2.3 Greywater Collection and Characterization

Greywater was sourced from the college canteen, primarily consisting of wash water 

from food preparation and utensil cleaning. The collected greywater was subjected to 

settling for 4 hours to remove coarse suspended solids. Key parameters measured 

before use included: pH: 7.2-7.5, COD: 250-500 mg/L, BOD: 150-200 mg/L, Total 

Solids (TS): 600-800 mg/L. These values indicate moderate organic load, typical of 

canteen-origin greywater. 

2.4 Experimental Setup 

Two hydroponic setups were established: indoor and outdoor. The indoor setup was 

arranged with the necessary grow-light fittings [Fig.1], while the outdoor setup was 

arranged under a greenhouse structure. The plants were collected from the college 

nursery garden uprooted with care without damaging the roots. Roots were washed in 

the running tap water in a gentle manner to remove the adhered soil in it. After that the 

plants were kept inside the hydroponic trench which is prefilled with nutrient solution 

[Table 1] connected with aeration pump to provide oxygen circulation to the setup.  

Table 1. Nutrient solution 

S.No Required Chemicals Nutrient 

solution 

requirements r L of fo

1 KCl 150 mg 

2 MgSO4 120 mg 

3 Ca (N03)2.4H20 946 mg 

4 KH2PO4 68 mg 

5 ZnSO4.7H20 0.06 mg 

6 H3BO3 0.69 mg 

7 CuCl2.2H20 0.017 mg 

8 Na2MoO4.2H2O 0.024 mg 

9 MnCl2.4H2O 0.022 mg 

10 FeCl3 0.6 mg 

The plants were left for three days for acclimatization to the hydroponic environment. 

The plants were supported by inert growing media such as fly ash balls in net pots. 

Then the plants were transferred to the grey water hydroponic reactor. The experiment 

was run for thirty days to understand the growth of the plants and pollutant removal 

efficiency. 



 

8             G. Ponni et al.

 

Fig. 1 schematic of the hydroponic system 

2.5 Monitoring and Analytical Methods 

The pre settled wastewater was introduced into the hydroponic reactor. Water samples 

were collected every day inlet and outlet with the interval of 8 hrs. Pollutant removal 

efficiency (%) was calculated as: 

𝑅𝑒𝑚𝑜𝑣𝑎𝑙 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 =
𝐶𝑖 − 𝐶𝑒

𝐶𝑖
𝑋100 

where Ci and Ce represent initial and final concentrations, respectively. 

Plant growth parameters such as height, leaf number, root length, and visible health 

were recorded every week. Pest or disease incidence was also monitored visually. 

3. Results and Discussion 

Table 2. COD removal percentage of planted hydroponic system at 8 hrs HRT [Hydraulic 

Retention Time]. 

S.No Influent (mg/l) COD removed (%) 

1 247 40.0 

2 248 41.0 

3 350 55.3 

4 304 50.6 

5 344 53.7 

6 376 54.2 

7 415 45.6 
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Fig 2. COD removal efficiency of the planted grey water hydroponic system. 

Followed by acclimation phase in a garland nutrient solution [Table 1], the plants were 

transferred to a grey water filled hydroponic deep-flow reactor. After transfer, all plant 

species remained healthy and exhibited normal growth responses. The experiment was 

a continuous flow in which influent greywater was supplied throughout the day using 

a dripper.  

Sampling procedure: Influent samples were collected at the beginning of each working 

day, while effluent samples were collected after 8 hours (HRT), during the evening 

period. These samples were used to assess treatment performance and nutrient 

dynamics within the system. 

Plant performance: Among the tested species, the ornamental vegetative plants 

demonstrated superior vegetative growth and root development compared to the edible 

crop species. At this stage of the study, all plants were in the vegetative growth phase, 

and an extended operational period of approximately two additional months was 

required to reach the fruiting stage for the crop plants. To maintain plant health 

throughout the experimental period, supplemental nutrient solution was added as 

needed when physiological symptoms of nutrient deficiency were observed. The 

experiment was continued to ensure stable plant establishment, adequate biomass 

development, and successful adaptation to greywater conditions. 

The COD concentration of the influent greywater ranged from approximately 200-400 

mg/L, as determined using the open reflux method. Throughout the experimental 

period, the hydroponic reactor achieved a COD removal efficiency of 40-45% on 

average [Table 2]. Peak performance occurred mid-week, during which COD removal 

reached approximately 50% [Fig.2]. A similar trend was observed for BOD removal 

efficiencies, which closely followed the fluctuations recorded for COD. Identically a 

control reactor also observed, it was given 5 – 10 COD removal %. 
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The initial findings revealed the feasibility of integrating greywater reuse with 

hydroponic cultivation in urban environments. Vegetable plants such as Spinacia 

oleracea and Mentha spicata, demonstrated high adaptability, possibly due to their 

tolerance for fluctuating nutrient concentrations. The pollutant removal ascribed to both 

plant absorption and root zone microbial activity.[15]. 

From a sustainability perspective, using greywater in hydroponics promotes circular 

resource use and minimizes freshwater dependence. Furthermore, the inclusion of 

ornamental plants contributes to urban greening and mental well-being an often-

overlooked aspect of sustainable urban design (16,17). 

When properly monitored, greywater-based hydroponics can serve dual functions: food 

or aesthetic plant production and secondary recycling wastewater. This dual benefit 

underscores its potential for integration into building-scale or community-scale green 

infrastructure [18,19]. 

4. Conclusion and future work 

The study demonstrates that hydroponic systems with greywater can effectively support 

plants growth. The system offers multiple benefits for the urban sustainability, 

including resource recovery, wastewater reduction, ground water protection and 

aesthetic enhancement. Further study needed to understand the system with added 

organic nutrients with different kinds of reactors. 
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