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	 The objective of this study was to evaluate the potential of reusing domestic rinse water 
in an indoor hydroponic system and compare the growth pattern of Coleus plants using tap 
water and rinse water. A preliminary survey evaluatedthe knowledge about, home gardening, 
hydroponics, water usage and utility of rinse water in urban households. The experimental 
setup consisted of water culture hydroponic system with peat moss media. Data were collected 
and analyzed from 4 sample groups: Group A (tap water), B (tap water with NPK fertilizer), 
C (rinse water) and D (rinse water with NPK fertilizer) in a randomized experimental design 
(N=20) with five replicates.The study was conducted indoors in an urban household under 
controlled temperature (78ºF), light and humidity (60-70%). Parameters analyzed for assessment 
of plants growth included height (in millimeters), number of new leaves and leaf surface area. 
Environmental parameters including, pH and TDS (Total Dissolved Solids in parts per million) 
of the hydroponic solution, and pH and moisture of soil were also recorded. Descriptive 
statistical analysis and independent comparisons were done with a 95% assumed significance 
level (p<0.05). During the 20th, 25th and 30th day, plant height in Group A was significantly 
(p<0.05) higher than that of Group B and plant height in Group C was significantly higher than 
in Groups B and D.In terms of the environmental parameters, while rinse water had an alkaline 
pH, the addition of NPK fertilizer (Groups B and D) resulted in significantly lower pH.Based on 
the present study results, domestic rinse water can be reused as a successful alternative for tap 
water in indoor hydroponic cultivation of plants without the need for any additional fertilizer.

Keywords: Coleus Plants; Hydroponic Cultivation; Indoor Hydroponics;
Rinse Water Recycling; Waste Water Management.

	 We are entering an era where abundant, 
clean water is no longer guaranteed. The mounting 
demand on this finite and invaluable resource has 
inspired creative methods for water management, 
including scientific techniques for wastewater 
recycling. On the other hand, shortage of potable 

water and increasing urbanization have strained 
the ecosystem especially in terms of the amount 
of water and space available for farming and 
gardening.1 Knowledge about rinse water use 
in home gardening has been increasing since 
it represents an alternative source of water and 
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nutrients for plant crops.2, 3 Rinse water recycled 
and reused in hydroponics helps in waste water 
management. However, the innovative idea of 
hydroponics using rinse water for indoor gardening 
has not been practiced and could be evaluated only 
through research. 
	 Hydroponic systems irrespective of their 
scale, are an innovative method of cultivation 
which reduces dependence on soil as a substrate, 
and instead derives nutrition directly from the 
hydroponic solution comprising of water and 
nutrients.4 While conventional hydroponic systems 
used fresh water supplemented with nutrients, the 
last decade has seen increasing interest towards 
using waste water as a source of hydroponic 
nutrition. This aims at a dual benefit of optimizing 
water reuse as well as a practical end point for 
waste water management.3, 5 This is evident from 
the several reports published in the literature 
pertaining to waste water based hydroponic 
cultivation.1-3, 5-8 Based on an extensive review, 
Prazeres et al.5 characterized different sources 
of waste water that could potentially be used in 
hydroponic systems. These included waste water 
from domestic sources as well as from dairy, food 
processing, brewery and textile industries. 
	 Domestic waste water can be classified 
as grey water and black water, with the former 
derived from routine household cleaning and 
laundering and the latter representing waste water 
from sanitation.1, 2, 9 Although domestic waste water 
has been proven to be a source of agriculturally 
useful nutrients such as nitrogen, phosphorous 
and potassium (NPK), biological contamination 
with organic matter remains one of the major 
challenges with its use in hydroponics.5, 10 In an 
effort to overcome this challenge we envisaged 
an indoor hydroponic system utilizing domestic 
rinse water which has been proven to have minimal 
biological contamination owing to the detergents 
and high temperatures used during laundry cycles. 
Furthermore, domestic rinse water represents an 
easy modality of water use and could effectively 
save up to 1000-1500 liters of water per week in 
an average household.2 This amount of saved water 
can cumulatively benefit the urban population in 
developing countries wherein water shortage is 
always an impending challenge.1-3

	 In addition, Zimmermann and Fischer11 
have reported the promising economic viability 

of hydroponic systems especially when used for 
small scale food crop production, such as tomatoes, 
lettuce, greens etc. In light of the above evidence, 
our research proposes a novel model for indoor 
hydroponic cultivation by reusing a portion of 
domestic waste water which could be replicated in 
urban households the world over. If the above novel 
idea can be proved by research, several vegetables 
and economically important flowers can be grown 
indoor using rinse water. Accordingly, a hydroponic 
irrigation system with rinse water was designed 
for an indoor garden. This study was based on 
the hypothesis that, growth pattern of plants in 
an indoor hydroponic garden does not differ with 
domestic rinse water (with or without nutrients) 
when compared to tap water under controlled 
environmental conditions along the growth cycle.

METHODOLOGY

Community Survey
	 As a preliminary step towards the 
experiment, a validated survey questionnaire 
(Annexure 1) was designed to evaluate knowledge 
about, home gardening, indoor hydroponics, 
water usage and utility of rinse water in urban 
households. The survey was distributed to 100 
urban households as a digital survey through 
Google Forms. Responses were collected and 
represented graphically  
Experimental Study
	 The experimental sample consisted of 20 
variegated Coleus (Plectranthus) plants (N=20), 
which were randomized and distributed equally to 
four sample groups (n = 5 samples per group). The 
experimental setup was replicated in each group 
and was composed of a water culture hydroponic 
system, containing a trough (38 cm x 26 cm) and 
an aeration pump to replenish water oxygen and 
prevent algal bloom (Figure 1). With 5 plants per 
hydroponic trough, the spacing was 5cm between 
plants on all sides and each trough was filled with 
7.5L liquid (Figure 2). According to the study 
group, the troughs were filled with either tap water 
(Group A), tap water mixed with NPK fertilizer 
(GranSol 15-15-15 TE Nitrogen Phosphorus 
Potassium fertilizer, Sunset Limited, Cairo, Egypt) 
at a concentration of 10 grams per liter (Group B), 
rinse water (Group C) or rinse water with NPK 
fertilizer (10 grams per liter) (Group D) (Figure 2). 
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Untreated second-rinse water was obtained from 
the drain pipe of a household washing machine, 
and it was selected to avoid the side-effects of 
surfactants and bleaching agents on plant growth. 
Replenishment of liquid in the respective troughs 
was carried out once in 10 days. The study was 
conducted indoor in a domestic urban household 
under controlled temperature (78ºF), light and 
humidity (60-70%).
	 The parameters analyzed for assessment 
of plants growth pattern included height of the 
plant (in millimeters), the number of new leaves 
and the surface area of the leaves. Environmental 
parameters included, pH and TDS (Total Dissolved 
Solids in parts per million) of the hydroponic 
solution, and pH and moisture of soil (Figure 3).At 
the beginning of the experiment, the baseline height 
and leaf count were recorded for all the plants 
included in the study (N = 20), and the surface 
area of one leaf per plant was obtained. Thereafter, 
only the height of the plants were periodically 
measured on the 5th, 10th, 15th, 20th, 25th and 30th 
days. Additionally, on the 30th day, after excluding 
the number of leaves shed, total number of leaves 
and surface area of the previously measured leaf 

were obtained once again for each plant sample. 
Environmental parameters, namely quantity 
of tap water/rinse water added in each group, 
water quality (pH and TDS), soil quality (pH and 
moisture) and ambient light were measured at the 
beginning of experiment and periodically on the 
10th, 20th and 30th days. Inter-examiner and intra-
examiner reliability of the measured parameters 
were tested initially in a pilot sample of the plants. 
Statistical Analysis
	 All quantitative data were recorded and 
tabulated in a spreadsheet software (MS Excel 2016, 
Microsoft Corporation, Redmond, WA, USA). 
Descriptive statistical analysis and independent 
comparisons were done using statistical software 
(IBM SPSS Statistics Ver. 20, IBM Corporation, 
Armonk, NY, USA). Significance was assumed 
when p-value was less than 0.05 (p<0.05).

RESULTS

	 In terms of the survey conducted in 
domestic households, a total of 86 participants 
responded to the survey. Majority of the households 
had 3-4 members (60.5%) and almost all of them 

Fig. 1. Armamentarium
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Fig. 2. Experimental setup

Fig. 3. Parameters analyzed
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Fig. 4. Survey response.

(95.3%) liked home gardening. Tap water was 
mainly used for watering plants (73.3%) and 
several people knew about hydroponics (60.5%). 
However, very few people used waste water for 
plants (11.6% - 29.1%) (Figure 4).

	 All plants remained healthy throughout 
the experiment. The average height of the plants 
in every group was similar during the 5th day and 
10th day. Significant differences in plant height 
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Fig. 5. Assessment of growth pattern with change in heights of plants

Fig. 6. Assessment of growth pattern with number of leaves and surface area

were observed during the 20th, 25th and 30th day 
observations. During these time periods, plant 
height in Group A was significantly higher than 
that of Group B and plant height in Group C 
was significantly higher than in Groups B and D. 
(Figure 5) Significant increase in the number of 

leaves was observed in Group C, in comparison 
to Groups B and D. While there was no significant 
difference between Group A and Group C, increase 
in number of leaves in Group A was only greater 
than Group B and not with respect to Group D. 
However, in terms of the leaf surface area the 
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Table 1. Assessment of Plant growth pattern

Test Groups	  	    Mean Plant Height During Different Time Periods of 	                Mean Change  
	                                                                   Assessment (in millimeters)		          from Beginning to End 
							                   of Experiment (%)
	 Day 5	 Day 10	 Day 15	 Day 20	 Day 25	 Day 30	 Leaf 	 Leaf 
							       Count	 Surface 
								        Area

Tap Water	 61.4	 71.6	 81.6	 88.6	 98	 117.4	 36.4	 36.5
Tap Water + 	 62.8	 75	 73	 68.6	 69.4	 81	 14.0	 26.5
NPK Fertilizer
Rinse water	 64.6	 75.6	 86.4	 91	 113.8	 130.6	 40.7	 43.1
Rinse water + 	 64.8	 78	 76	 71.2	 75.8	 87.8	 22.8	 32.0
NPK Fertilizer

increase in Groups A and C were significantly 
higher than that of Groups B and D. Moreover, 
the increase in leaf surface area in Group D was 
significantly higher than that of Group B (Figure 
6). 
	 In terms of the environmental parameters 
measured, no significant differences were observed 
between the groups for all variables except water 
quality (pH and TDS). Addition of NPK fertilizer 
(Groups B & D) resulted in significantly lower 
pH and increased TDS value. Between tap water 
(Group A) and rinse water (Group C) a significantly 
alkaline pH with higher TDS was observed in 
Group C. Nevertheless, the soil pH although 
different between the groups was not statistically 
significant. Descriptive data pertaining to all the 
measured variables are shown in Tables 1 and 2.

DISCUSSION

	 This study conceptualized an approach 
to turn household rinse water into a useful 
resource, optimize space utilization and use water 
sparingly. Knowledge about the growth of plants 
at each stage of development, when cultivated 
using rinse water hydroponics, can provide 
valuable guidance about growing food crops 
through home gardening and help achieve self-
sustainability. Ecologically, vertical gardening with 
hydroponics can minimize land usage and prevent 
deforestation, soil erosion and eutrophication, 
thereby safeguarding the ecosystem.12  Nearly six 
different hydroponic techniques have been reported 
in the literature including nutrient film, raft, ebb 

and flow, aeroponic, wick and water culture, and 
combinations of the above techniques.4 In the 
present study, a water culture hydroponic system 
was used considering the indoor environment 
in which the research was done. Moreover, the 
results of this study indicate the replicability of 
indoor water culture hydroponic systems with 
minimal set-up and ease of maintenance. These 
findings are in coherence with the data reported 
by Abdelmawgoud et al.4 who reported greater 
economic viability for production of tomato crop 
using indoor hydroponics in green houses. They 
further reiterated that hydroponic cultivation is 
sustainable and profitable on the long run in spite 
of the high initial costs, which has always been an 
inhibitory factor towards embracing hydroponics.    
	 Based on the above observations, it is seen 
that plant growth is significantly better in an indoor 
hydroponic garden with rinse water and tap water, 
in the absence of any fertilizers. The interesting 
outcome of the present study is the fact that plain 
rinse water resulted in better plant growth than tap 
water or water (tap/rinse) with fertilizers. Similar 
results were reported in a study conducted by 
Nyomora (2015) based on irrigating paddy fields 
with waste water.1 Based on a randomized paddy 
crop irrigation model with either waste water or 
tap water, and either with or without additional 
NPK fertilizer, they reported a four-fold increase 
in yield per hectare when crops were irrigated with 
waste water only.1 Furthermore, they reported a 
drop in crop yield when NPK fertilizer was added 
to waste water, a finding which was observed in the 
form of reduced plant growth in the present study 
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too (Fig. 5 and Fig. 6; Table 1). It has further been 
reported that closed hydroponic systems, similar 
to what was used in the present study, facilitate 
nutrient reuse in addition to optimizing water 
usage.13 Based on an electrical conductivity study, 
Christie13 observed retention of essential NPK 
nutrients which promoted growth of lettuce crop in 
a closed hydroponic system. Although no similar 
electrolytic assessment was conducted in our study, 
this could form the basis for future evaluation of 
nutrient availability in domestic rinse water.
	 Domestic wastewater represents a 
major source of runoff waste water which could 
potentially be used for alternative purposes other 
than drinking, cooking or sanitation.5 It is further 
classified as black water or grey water. While black 
water is never considered for reuse, grey water can 
be reliably reused either with or without treatment, 
and also contains minerals and trace elements 
(NPK), which could potentially benefit agriculture 
and crop growth.5, 10 In addition to the risk of 
microbial contamination, the presence of heavy 
elements such as arsenic, cadmium, chromium, 
lead, mercury and nickel, is also a cause for concern 
while reusing grey water.6, 14 The risk of microbial 
contamination was eliminated in the present study 
by using the 2nd rinse cycle water from washing 
machines, as harmful bacteria and microbes are 
usually removed during initial washing cycle with 
soap/detergent/disinfectant.5 Although presence 
of heavy metals was not evaluated in this study, 
cultivation of lettuce using grey water containing 
differing concentrations of heavy metal elements 
in a green wall hydroponic garden did not result 
in heavy metal pollution risk within plant leaves.6 
It was further reported that grey water with trace 
microbial contamination did not pose a health 
risk in any of the 3 species of lettuce which were 
cultivated using hydroponics.6 
	 Based on our survey, an average household 
of 2 adults and 2 children, using the washing 
machine once every 2 days, could contribute to 
approximately 50 – 60 liters of rinse water per 
wash cycle. Extrapolating it annually, that would 
be approximately 9000-10000 liters of potentially 
reusable water going down the drain wastefully, per 
family. This becomes an even bigger number if the 
rinse water from dish washers and laundry dryers 
are further taken into account. In effect, a housing 
society comprising 100 families would be wasting 

1.5 – 2 million liters of potentially reusable water. 
Although our research proved the growth of non-
edible plants in a small scale indoor hydroponic 
garden, these results could be easily applied on 
to edible, decorative and floral plants in an indoor 
setting, as has been reported in literature.5, 6, 8, 9, 12 
Unfortunately, most of the above studies reporting 
the successful use of hydroponics, fail to report 
their viability in a small scale domestic setting, a 
research gap which our study aimed to fulfill. 
	 One unique aspect of the present study 
was the comparison of environmental parameters 
between the groups with respect to hydroponic 
solution and substrate soil, under an indoor 
hydroponic setting. The amount of hydroponic 
solution used and soil moisture were almost 
similar in all the groups across different time 
periods, similar to that reported in earlier studies 
utilizing varying hydroponic setups.2, 3, 5, 13 It was 
observed that rinse water had greater alkalinity and 
TDS in comparison to tap water. This could have 
contributed to significantly better plant growth with 
rinse water alone in our indoor hydroponic setting. 
Based on a review, Prazeres et al.5 reported similar 
findings, wherein domestic waste water with neutral 
to alkaline pH and higher suspended solids, was the 
optimal choice for agricultural reuse in hydroponic 
systems. The addition of NPK fertilizer to both tap 
water and rinse water resulted in acidification of 
the hydroponic solution, as observed in the present 
study, leading to poor plant growth. However, 
the above findings are in contrast with those of 
Carvalho et al.7 who reported depleted mass and 
nutrient deficiency in lettuce crop grown in a 
hydroponic system using wastewater alone. This 
could possibly be explained by the role of treated 
wastewater used in the above mentioned study7, in 
contrast to untreated second-cycle rinse water used 
in our study. Nevertheless, it was observed that the 
soil pH in our samples did not vary significantly 
between the groups irrespective of the addition 
of fertilizer, thereby implying a plausible role for 
soil based hydroponics in wastewater treatment. 
In this regard, several studies in the literature have 
proposed wastewater hydroponics as a modality to 
treat and dispose wastewater in varying scales.2, 3, 

8, 14

	 With the ever dwindling water resources 
and never-ending urban space shortage, indoor 
hydroponic gardens are the way forward to a 
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healthy and sustainable future. They can help grow 
anything from decorative vertical gardens, to a 
fresh organic vegetable farm right at the corner 
of our living rooms. Home grown, fresh and 
pesticide free vegetables and fruits can be a rich 
source of nourishment for our future generation.4 
The innovative approach of hydroponic gardening 
with rinse water, is a multi-pronged strategy which 
helps reduce wastage of precious fresh water, 
reuses rinse water which is otherwise washed 
down the drains, conserves space, cleanses indoor 
atmosphere and does not harm the environment. 
Moreover, it could be a possible method of treating 
domestic wastewater even within limited urban 
spaces through vertical hydroponics, along with 
the benefits of landscape irrigation, minimizing 
land usage, preventing deforestation, soil erosion 
and eutrophication.2, 3 
	 In spite of the novel nature of the 
present study reporting about indoor hydroponics 
with rinse water for the first time, to the best of 
knowledge from published literature, the use of a 
single plant species as test samples is a limitation. 
While long term studies with differing plant 
species and fertilizer concentrations may yield 
additional information, the available results imply 
an eco-friendly, economic, efficient and sustainable 
method of indoor gardening. Further research is 
therefore needed to identify suitable concentration 
and type of nutrient fertilizers, which promotes 
plant growth for indoor hydroponic gardens. 

CONCLUSION

	 Based on the results of the present study, 
untreated domestic rinse water obtained from 
washing machine second-cycle rinse can effectively 
be used for indoor hydroponic cultivation of plants 
without the need for any additional fertilizer. The 
current results validate the potential of domestic 
rinse water as an alternative to precious fresh water 
for indoor hydroponic cultivation. Furthermore, 
indoor hydroponics with rinse water is an 
obvious potential end-use for recycling domestic 
wastewater and can conserve a high percentage 
(40%) of fresh tap water. It also entails the benefits 
of significant savings in water use, sewage disposal, 
ecosystem protection and the possibility to produce 
economically viable food crop. 
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