



TAPPING INTO THE WASTE TO WEALTH INITIATIVE OF WATER HYACINTH-BASED FIBRE
Abstract

Water hyacinth (Eichhornia crassipes), being the world's most problematic aquatic weeds, has great opportunity for implementing waste to wealth initiatives in most affected regions like; Philippines, India, Thailand, China, Indonesia and Nigeria is not left out. Despite its negative impact on water bodies, biodiversity, and socio-economic activities, this invasive plant holds unexploited potential as a valuable raw material for fibre production as some popular plant fibres are going into extinction now replacing with synthetic fibres, especially in Nigeria. Nigeria, where water hyacinth infestation has plagued water bodies since 1984, has tried several control measures in eradicating the weed, but all possible effort has remain abortive. Therefore tapping into this waste to wealth initiative offers a multifaceted solution, provides an environmentally friendly alternative to chemical control methods, reduces unemployment through skill development and job creation, and enhances local economic activities. Exploiting water hyacinth as a natural resource for fibre-based products, can transform Nigeria’s ecological burden into a driver of sustainable development, poverty alleviation. Samples of water hyacinth for this research will be collected from Badagry (Lagos), Igbokoda (Ondo), Ejinrin (Lagos) and Makun (Ogun) in the South-western Nigeria. The study will investigate the physio-mechanical property (i.e. tensile strength) of water hyacinth stalk suitable for weaving creative and other interior design items. This paper not only addresses the environmental challenge of water hyacinth proliferation but simultaneously creates employment opportunities, generates income for local communities, and promotes sustainable resource utilization.
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1.0
Introduction
Water hyacinth (Eichhornia crassipes) is an ornamental plant whose growth and proliferation is supported by all kinds of freshwater environments (Center for Aquatic and Invasive Plants 2023). The height of a water hyacinth can range from a few inches to over three feet. They possess eye-catching lavender blooms, spherical, leathery leaves, and occasionally inflated, spongy stems (Center for Aquatic and Invasive Plants 2023). Since it shares characteristics with other plants such as the frog's bit (Limnobium spongia), which has a fairly similar look inclusive of black feathery roots, water hyacinth may very well be easily mistaken for other plants (Bolorunduro 2002; Center for Aquatic and Invasive Plants 2023). 

Water hyacinth, despite its ornamental appearance, is highly susceptible to growing into a weed if left unmanaged (Hill & Coetzee 2008; Center for Aquatic and Invasive Plants 2023). Its introduction into US waters is intentional with a view to beautifying the environment, but it is crucial to manage and control it to prevent it from becoming a significant environmental problem (Bolorunduro 2002; Hill & Coetzee 2008).

On the global scene, water hyacinth as a deleterious infesting weed first garnered global attention due to its crowded and fast spread growth, which often leads to severe environmental problems and challenges related to irrigation, navigation, and the generation of power (Rezania, Ponraj, Talaiekhozani, Shahabaldin, Mohanadoss, Amirreza,Shaza, Shazwin, Farzaneh,Fadzlin 2015). According to Rezania et al. (2015), water hyacinth is an invasive, non-native, freely-floating aquatic macrophyte. It is frequently mentioned in public literature as one of the most troublesome weeds in the entire world due to its widespread and unchecked growth in open ponds, irrigation systems, and other water bodies (Souza, Filho, Edivaldo, José, Kelly, Luiz, Admílson, &Thiago, 2020). Since it can quickly grow to a very high density (over 60 kg/m2), it can completely clog water bodies, which has been having negative impact on the environment, human health, and economic growth of areas affected, with Western Africa not exempted (Ganguly, Chatterjee& Dey 2015; Rezania, Ponraj, Talaiekhozani, et al. 2015). The majority of West African countries have recorded water hyacinth infestations at various times. However, its invasion was more pronounced in the early 1980s (Ezama, 2019). According to the National Institute for Freshwater Fisheries Research (NIFFR), Nigeria remains one of the most affected by the water hyacinth infestation, with the infestation spreading over lakes, rivers, ponds, marshes as well as other types of water bodies (Ufere, Chukwuka & Daddy 2007). 

However, as opined in studies such as Ufere et al. (2007), Jafari (2010) and Rezania et al. (2015), water hyacinth may as well be a viable natural resource as it may be professionally converted into aesthetic and durable products. In respect of this assertion, countries such as India, Philippines, Thailand, China, and Indonesia have reportedly been locally involved in the exploitation of water hyacinth for decorative articles, even though this area of research remain significantly poorly researched (Rezania et al. 2015). The stalks of this weed, for instance, are dried and woven into baskets and mats in the Philippines, while India produces comparable domestic goods from this weed and is well known for its creative decorative items (Rezania et al. 2015). Therefore, in a bid to convert challenges into benefits, this study intends to find a design-oriented way of converting Nigeria’s water hyacinth challenge/infestation into a profitable, environmentally friendly and economically viable resource. This article is aimed at discussing the viability of using Hyacinth fibre for the production of interior decoration items. 
The uncontrolled proliferation of water hyacinth has been harmful to the environment in the riverine area, it contributes to decrease in oxygen in water, nutrient depletion, toxic algal development, as well as obstruction to aquatic flora, obstruction of boats on water, obstruction of fishing nets increases mosquito infestation in the vicinity, waterway impairment, and damage to wildlife habitats (Guerena, David, Neufeldt, Berazneva& Duby. 2015). Therefore, to improve environmental sustainability, it is critical to regulate or manage the population of this weed. According to Jafari (2010), water hyacinth has proven to be a serious environmental and economic burden in many sub-tropical and tropical regions across the world. The weed has taken over many water bodies, causing significant socio-economic hardship for the population of these riverine regions that relies on these water-bodies and the sustenance services they offer (Jafari 2010). Unfortunately, elimination efforts of this aquatic-macrophytes have so far had disappointing outcomes (Jafari 2010). As a result, the exploration of this weed for economically viable use becomes critical. Its use as a raw material in the manufacture of crafts, furniture accessories and other interior decorating pieces provides a fresh approach to addressing this pressing environmental issue.

Premised on a seeming weed to wealth initiatives, water hyacinth has already found positive applications around the world in various forms such as paper making, removal of pollutants from water bodies, wastewater treatment, as well as in food, energy, and the environmental management (Rezania, Ponraj, Talaiekhozani, et al. 2015; Charoensopa & Ploysri 2022; Dang et al. 2022; Nandiyanto, Dani, Ragadhita, Hofifah, Dwi Fitria, Dwi Novia, Fiandini, Luckiardi, Soegoto, Darmawan, &Aziz. 2023). 

As noted by Nandiyanto et al. (2023), the use of water hyacinths might be a low-cost and economical method of reducing climate change while also enhancing the socioeconomic standing of local populations. This has the potential to have a number of advantages if implemented in a developing nation like Nigeria, including helping to reduce serious unemployment and economic problems, improvement of the standard of living for locals, advancing efforts towards sustainable development through revenue optimization, environmental preservation, improved social-economic impact, and skill development There is also the growing consciousness of using local materials for design production (Akadiri, Chinyio, & Olomolaiye 2012; Dejiant, Florie, Philippe, Thierry, & craterre. 2021; Prasad & Muthusamy 2023). This growing preference for indigenous and creative interior and exterior designs using local, raw and/or underutilised products such as rattan, water lettuce and water hyacinth, could be the future of interior and exterior designs in Nigeria (Ilo, Obianuju, Mulala, Simatele,Nkomo, Ntandoyenkosi, Mkhize, & Nagendra, 2020). However, the durability and credibility of some Nigerian products have been questioned (Oyeyemi, Adewale, Sallis,Oyeyemi, Amin, Bourdeaudhuij, & Deforche. 2013; Odji, Oladumiye, & Kayode 2019; Alayande, Ede, Aguwa, Ofuyatan, Oyebisi, & Oluwafemi.  2021). Hence, this study will also look into how to make the products that will be produced durable. 
The study will investigate the conversion of water hyacinth stalk into textile fibres suitable for weaving creative and other interior design items like; flower vase, wall mirror holder, tissue package, lamp holder, bedside lamp, key holder, table mats, and chair. The study will target some study sites like; Badagry (Lagos), Igbokoda (Ondo), Ejinrin (Lagos) and Makun (Ogun), as shown in fig.1 below. These study sites were chosen because of their proximity and availability of water hyacinths.
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Fig. 1; Map of Nigeria showing three states of study areas.
1.1
Water Hyacinth

The invasive nature of the water hyacinth has made it a popular subject of numerous reviews as well as because of its detrimental effects on the environment and its impact on the economy (Harun, Irina, Pushiri, Amirul-Aiman & Zulkeflee, 2021). This section reviews relevant literatures on water hyacinth ranging from its origin and distribution, its ecology as well as impacts and prospects with focus on the Nigerian context. The increasing demand for sustainable materials has prompted a shift in design and manufacturing practices, particularly in the fields of home and interior decoration. Natural fibres, owing to their biodegradability, low environmental footprint, and renewability, have emerged as viable alternatives to synthetic materials. Among the underutilized natural resources, water hyacinth (Eichhornia crassipes), an invasive aquatic plant, presents unique potential due to its high cellulose content and fibrous stem structure. This literature review explores existing research on water hyacinth utilization, natural fibre development, and sustainable design, to identify the current state of knowledge and underscore the relevance of this study as shown in tables 1and 2 respectively.
Table 1. The Origin of water hyacinth and its distribution
	 S/N
	Country
	Origin/source

	Ref.

	1
	The United States of America
	Introduced as an ornamental plant from South America
	Center for Aquatic and Invasive Plants (2023)

	2
	The Caribbean and Latin America
	Introduced (i) through human activities e.g. the release of ornamental plants into water bodies (ii) the accidental transfer of water hyacinth seeds on/through ships and boats.
	(Johnson 2023; Stohlgren et al. 2013)

	3
	Southeast Asia
	Introduced as an ornamental plant and through ships and other waterborne vessels or watercrafts. 
	(Jernelöv 2017)

	4
	South Africa
	
	(Navarro and Phiri 2000)


Source; (Harun et al. 2021)
Table 2: Start of water hyacinth infestation in the West African region (Navarro and Phiri 2000; Ufere et al. 2007; Ezama 2019; Souza et al. 2020;)
	S/N
	West African Country
	Year/Period

	1
	Republic of Congo

	1957

	2
	Republic of Benin (along the Ouémé River)
	Approximately around 1977 (sparingly) and in 1980 to 1981 as well as in 1985

	3
	Burkina Faso (in the Volta River)
	1991

	4
	Mali
	In the early ‘90s

	5
	Niger Republic
	1990-1994

	6
	Ghana (in Tema)
	1984

	7
	Federal Republic of Nigeria (in Badagry)
	1984


Source; (Navarro and Phiri 2000; Ufere et al. 2007; Ezama 2019; Souza et al. 2020;)
1.2
Water Hyacinth Infestation in Nigeria and Possible Causes

According to the National Institute for Freshwater Fisheries Research (NIFFR), Nigeria remains one of the most affected by the water hyacinth infestation, with the infestation spreading over lakes, rivers, ponds, marshes as well as other types of water bodies (Ufere et al. 2007). Numerous factors contribute to this infestation, such as the plant's introduction through human activities like trade and transportation, nutrient pollution from urban waste and agricultural runoff, and favourable climate conditions that encourage the plant's rapid growth ( Ufere et al. 2007; Toniciolli-Rigueto, Cesar, Jeferson Piccin, Aline Dettmer, Marieli Rosseto, Guilherme Dotto, Ana Schmitz, Daniele Perondi, Thainá Freitas, Raquel Loss, and Claudineia Geraldi. 2020). More precisely, the widespread infestation of water hyacinth in Nigeria can be attributed more to the following ( Ufere et al. 2007; Ezama 2019; Toniciolli-Rigueto et al. 2020; Harun et al. 2021):

1.3
The Existing Water Hyacinth Control Measures in Nigeria 

There are different water hyacinth control measures that can be implemented for the containment of the infestation. These may be classified as physical, biological, chemical and mechanical measure as illustrated in Figure 2 below (Harun et al. 2021). 

1.4.
The Existing Water Hyacinth Control Measures in Nigeria
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Fig 2: Water Hyacinth Control Measures in Nigeria

Source: (Harun et al. 2021).
1.5
Water Hyacinth as an Ingredient for Furniture and other Crafts Production in Nigeria

Craft making or the creation of crafts involves the manipulations of colour, forms, composition, texture and other elements or materials for the creation of functional or beautifying objects (LittleArt 2021).  According to Ade (2018), in the African or more specifically in the Nigerian context, crafts manifest in the forms of fabrics, pottery, bronze, brass, and iron, textiles, ivory, jewellery, leather work, tie and dyeing, woodworking, pumpkin decorations, and other forms. At times, it is a combination of the aforementioned or other forms or elements (Ade 2018; Odji 2020)
Crafts

Crafts are three aspects to human which are; creativity art, crafts, and science. Roughly, art relies upon intuitive sensing, vision, and expression; crafts upon sophisticated technique; and science upon knowledge (Ingold 2011). According to Ade (2018), in the African or more specifically in the Nigerian context, crafts manifest in the forms of fabrics, pottery, bronze, brass, and iron, textiles, ivory, jewellery, leather work, tie and dyeing, woodworking, pumpkin decorations, and other forms. At times, it is a combination of the aforementioned or other forms or elements (Ade 2018; Odji 2020). Hence, such ventures and objects as furniture and furniture making/production as well as accompanying upholstery materials, tie and dyeing and other forms of elements’ manipulations pass well as crafts/craft-production, the practice, teachings and theories of which have long developed to become more sophisticated in forms over the decades (Kashim, Ogunduyile, and Adelabu 2011; Adiji 2017; Odji 2020; Ade 2018).

1.6
Applicative Utilisation of Water Hyacinth on the Global Scene

Table 3: Various positive application of water hyacinth. 

	S/N
	Practical application of water hyacinth
	Reference

	1
	Removal of heavy metals, inorganic and organic pollutants from wastewaters 
	Rezania et al. (2015)

	2
	Product design
	Charoensopa and Ploysri (2022)

	3
	Environmental ornamental application
	Center for Aquatic and Invasive Plants (2023)

	4
	Home decorations
	Charoensopa and Ploysri (2022)

	5
	Bio sorption – serving as an alternative-bio sorbent for the uptake of reactive-textile-dye from aqueous solutions.  
	Toniciolli-Rigueto et al. (2020)

	6
	 Paper making
	Charoensopa and Ploysri (2022)

	7
	Wastewater Treatment
	Dang et al. (2022)

	8
	Ethanol production

	(Ganguly et al. 2015)

	9
	Removal of formaldehyde from wastewater
	Gong et al. (2022)

	10
	Control of interior air pollution (e.g. removal of formaldehyde)
	Gong et al. (2022)

	11
	Cement composites and bio- plastics
	(Karouach et al. 2022)

	12
	Plywood manufacturing
	(Boonyaroj et al. 2017)

	13
	Waste-water remediation
	(Sierra-Carmona et al. 2022)


Interior Decoration

Decorating homes to make the interior space beautifully pleasing and functional is the key purpose of interior decoration. It also entails creativity and artistic flame in colour, finishes and furniture arrangements to produce a detailed atmosphere, adapting it to individual needs. Interior decoration is turning indoor spaces into areas of work, play or rest taking into account aesthetics, function, materiality, furniture, fittings, and creation of interior projects in a variety of environments. According to (Singh 2017; Rana 2017 and Neelam 2017), interior design is categorized into different aspects.
Weaving

Among many traditional handcrafts that feature in Nigerian Art Industry, weaving seems to be the most prominent and the most consistent (Emidun, Akinrujomu, 2021). Weaving is one of the most significant and universal human inventions in history. The vast majority of people on earth wear woven fabrics every day since such fabrics are the basis for most kinds of clothes. Clothe weaving is a traditional craft that has been practiced for centuries which requires a high level of skill and persistence, with range of equipment and tools, (Ross, 2017).
Weaving is one of the most significant and universal human inventions in history. For the purpose of this research, the simple plain weave will be used to weave fibres that will be gotten from water hyacinth because plain weaving is cheap, simple and it can be applicable to any form of intricate design and also finger weaving will not be left out.

2.0
Materials and Methods
2.1
Materials and Tools

The following materials and tools will be needed for this study.

1. Water hyacinth 2. Sodium metabisulphite 3.Plastic, sacks and paper bags of varying sizes (for sample collection)  4. Boots     5. Clippers (to cut samples)   6. Tags   7. A plant press

8. Cutlass           9. Gloves           10. Water Sample Bottles
Samples of water hyacinth will be collected using clippers to cut and hand in some cases, from four (4) different locations (water bodies) in the southwestern Nigeria namely: Badagry (Lagos), Igbokoda (Ondo), Ejinrin (Lagos) and Makun (Ogun). This is to ensure a significant coverage of the south-western part of Nigeria where the infestation is most dominant (Oke et al. 2012).

2.2
Sample Preparation
The samples of water hyacinth collected shall be processed as follows:

i. Defoliation: Removal of the flowers and separation of the leaves of the samples from the stalk.

ii. Cutting: Samples will be cut into laboratory useable sizes. Care will be taken to ensure the preservation of the orientation of the relevant axes in the original material/sample.

iii. Washing: Samples will be washed with distilled water.

iv. Drying: Samples shall be sun-dried (Jafari 2010b). 
2.3
Processing of Water Hyacinth Stalk

The water hyacinth will undergo some tests for fibre tensile strength and durability. The tests are:

1. Thermal Degradation examination where Thermo gravimetric analysis (TGA) will be used

2. Surface composition changes using Scanning Electron Microscopy (SEM) and fibre content of water hyacinth
The water hyacinth stalk will be further processed thus:

i. The stalks will be bleached with hydrogen peroxide (H2O2)and subjected to the adsorption of selected natural dyes (Aboul-Fetouh et al. 2010). The adsorption rate of the dye will be examined as suggested by Carneiro et al. (2022)
ii. The finished water hyacinth fibre will be treated with sodium metabisulphite to prevent it from rotting and to prevent oxidation, that is; it helps to retain the colour on the fibre

iii. The water hyacinth stalk will be processed into ropes or yarns and will be woven into different crafts and interior decoration items like; flower vases, wall mirror holder, tissue packages, lamp holder, key holder, table mats, chair and bags.

3.0
Examining the tensile strength of water hyacinth appropriate for the production of interior decoration items. 
3.1
Tensile Strength Test
The results obtained from the tensile strength testing of Eichhornia crassipes (water hyacinth) stems were analyzed in relation to sample variability and mechanical behavior. Two sets (set 1: Epe and Makun; set 2: Badagry and Igbokoda) of stem samples were analyzed to capture possible variation across plant sections or collection sites. The summarized results are presented in tables and graphical representation below.
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Fig. 3 Tensile Stress Vs Tensile Starin Graph of Epe and Makun Samples
Table 4: Result of Tensile stress test of Epe and Makun Samples of water hyacinth. 

	
	Support span

 (mm)
	Diameter

(mm)
	Maximum Tensile stress (MPa)

	1
	40.00000
	15.00000
	1.45793

	2
	40.00000
	15.00000
	1.70453


Table 5: Result of Tensile stress test at Break of Epe and Makun Samples of water hyacinth.
	
	Load at Maximum Tensile stress

(N)
	Tensile strain at Maximum Tensile stress

(mm/mm)
	Tensile extension at Maximum Tensile stress

(mm)
	Energy at Maximum Tensile stress

(J)
	Tensile stress at Break (Standard)

(MPa)

	1
	72.89640
	0.08800
	4.40000
	0.16985
	0.96401

	2
	85.22644
	0.09233
	4.61662
	0.22028
	0.86030


Table 6: Result of Tensile stress test at Yield of Epe and Makun Samples of water hyacinth.
	
	Load at Break (Standard)

(N)
	Tensile strain at Break (Standard)

(mm/mm)
	Tensile extension at Break (Standard)

(mm)
	Energy at Break (Standard)

(J)
	Tensile stress at Yield (Zero Slope)

(MPa)

	1
	48.20074
	0.12656
	6.32806
	0.28960
	1.45793

	2
	43.01488
	0.13433
	6.71675
	0.37862
	1.70453
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Fig. 3 Tensile Stress Vs Tensile Starin Graph of Badagry and Igbokoda Samples

Table 7: Result of Tensile stress test of Badagry and Igbokoda Samples of water hyacinth. 

	
	Support span 

(mm)
	Diameter

(mm)
	Maximum Tensile stress

(MPa)

	1
	40.00000
	15.00000
	0.73343

	2
	40.00000
	15.00000
	0.62463


Table 8: Result of Tensile stress test at Break of Badagry and Igbokoda Samples of water hyacinth.

	
	Load at Maximum Tensile stress

(N)
	Tensile strain at Maximum Tensile stress

(mm/mm)
	Tensile extension at Maximum Tensile stress

(mm)
	Energy at Maximum Tensile stress

(J)
	Tensile stress at Break (Standard)

(MPa)

	1
	36.67134
	0.25367
	12.68337
	0.26860
	0.04779

	2
	31.23170
	0.22967
	11.48350
	0.20999
	0.03374


Table 9: Result of Tensile stress test at Yield of Badagry and Igbokoda Samples of water hyacinth.
	
	Load at Break (Standard)

(N)
	Tensile strain at Break (Standard)

(mm/mm)
	Tensile extension at Break (Standard)

(mm)
	Energy at Break (Standard)

(J)
	Tensile stress at Yield (Zero Slope)

(MPa)

	1
	2.38965
	0.28233
	14.11668
	0.27949
	0.73343

	2
	1.68721
	0.26467
	13.23350
	0.22728
	0.62463


Table 10: Summary of Tensile Test Results for Eichhornia crassipes Stems
	Property
	Sample Set 1 
(Mean ± SD)
	Sample Set 2 
(Mean ± SD)
	Observation

	Maximum Tensile Stress (MPa)
	1.58 ± 0.17
	0.68 ± 0.08
	Set 2 is 57% weaker

	Load at Maximum Stress (N)
	79.06 ± 8.72
	33.95 ± 3.85
	Lower load capacity in Set 2

	Strain at Maximum Stress (mm/mm)
	0.09 ± 0.003
	0.24 ± 0.02
	Greater extensibility in Set 2

	Extension at Maximum Stress (mm)
	4.51 ± 0.15
	12.08 ± 0.85
	Set 2 is more deformable

	Energy at Maximum Stress (J)
	0.20 ± 0.04
	0.24 ± 0.04
	Comparable

	Tensile Stress at Break (MPa)
	0.91 ± 0.07
	0.04 ± 0.01
	Much lower in Set 2

	Load at Break (N)
	45.61 ± 3.67
	2.04 ± 0.50
	Sharp reduction in load-bearing capacity

	Strain at Break (mm/mm)
	0.13 ± 0.01
	0.27 ± 0.01
	Doubling of strain in Set 2

	Extension at Break (mm)
	6.52 ± 0.27
	13.68 ± 0.62
	Increased ductility

	Energy at Break (J)
	0.33 ± 0.06
	0.25 ± 0.04
	Slightly lower in Set 2

	Tensile Stress at Yield (MPa)
	1.58 ± 0.17
	0.68 ± 0.08
	Mirrors UTS trend


3.2
Conclusion

The following indices were tested in the Set 1 and Set 2 samples of the water hyacinth Maximum Tensile Stress (MPa), Load at Maximum Stress (N), Strain at Maximum Stress (mm/mm), Extension at Maximum Stress (mm), Energy at Maximum Stress (J), Tensile Stress at Break (MPa), Load at Break (N), Strain at Break (mm/mm), Extension at Break (mm) and Tensile Stress at Yield (MPa). It was established that the Set 2 samples are the more viable samples which show feasibility of adaptable tensile strength for the production of fibre for use in the creation of decorative items.
There is need to establish that, despite the infestation nature of water hyacinth, it possesses significant potential as a viable natural resource for fibre as an alternative plant fibre for the production of interior decoration items. The conversion of water hyacinth stalks into textile fibres for weaving creative interior design items like; flower vases, wall mirror holders, tissue packages, lamp holders, bedside lamps, key holders, table mats, and chairs represents a practical approach to addressing Nigeria's dual challenges of environmental degradation and unemployment. 
The waste to wealth initiative in this study supports the Nigeria's growing consciousness of using local materials for design production and addresses critical national concerns including unemployment, poverty, and the need for sustainable development. By exploiting water hyacinth as a raw material for interior decoration items, accessories, and handcraft production, this gives room for several benefits such as; environmental management through biomass reduction, job creation and skill development for local populations, income generation, and the promotion of native and creative design practices. Furthermore, this strategy contributes to climate change mitigation while enhancing the socio-economic standing of communities in affected regions.
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