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Abstract
Water hyacinth (Eichhornia crassipes) is an invasive aquatic plant that rapidly proliferates in the lagoons of Greater Lomé, Togo, disrupting aquatic ecosystems and human activities by obstructing waterways, reducing light penetration, and decreasing dissolved oxygen. However, this plant is of significant scientific interest due to its ability to absorb and concentrate trace metals (TMs) in its tissues, offering potential for pollution monitoring and biomass valorization. This study assessed the bioaccumulation of TMs in water hyacinth and the quality of compost produced from this biomass. Samples were collected from three lagoons heavily impacted by anthropogenic activities: Nyékonakpoè, Bè, and Hanoukopé. Water hyacinth was processed into compost in two forms: chopped biomass and whole biomass, each enriched with 5% cow manure and subjected to a 16-week aerobic composting process. Results showed higher TM accumulation in the submerged parts, with maximum concentrations of Hg up to 809.84 µg/kg at Bè, Cu up to 14.48 mg/kg, and Pb up to 12.941 mg/kg at Hanoukopé. The final compost contained TMs well below regulatory limits (Cd ≤ 3 mg/kg, Pb ≤ 180 mg/kg, Cu ≤ 300 mg/kg, Ni ≤ 60 mg/kg), with notable values for Cd (0.35 mg/kg) and Pb (7.23 mg/kg). Chopped compost exhibited higher essential nutrient contents: K = 8,453.84 mg/kg, N = 8,307.25 mg/kg, and P = 1,095 mg/kg, reflecting improved mineralization. An alkaline pH (≈ 8.0) favored nutrient stabilization and reduced TM bioavailability.
These findings demonstrate that valorizing water hyacinth as compost provides a sustainable solution, combining invasive biomass management with the production of a nutrient-rich and safe organic amendment for agriculture, while allowing environmental monitoring of trace metals.
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Introduction 

Water hyacinth (Eichhornia crassipes) is an invasive aquatic plant that rapidly proliferates in freshwater ecosystems, causing numerous environmental and socio-economic problems. Its uncontrolled expansion leads to the obstruction of waterways, a reduction in aquatic biodiversity, increased evapotranspiration, and deterioration of water quality (Villamagna and Murphy, 2010). Due to its remarkable ability to absorb nutrients and various pollutants, including trace metals (TMs), water hyacinth has been increasingly studied for its potential in the bioremediation of contaminated waters (Atakpa-Bassabi et al., 2023; Monroy-Licht et al., 2024).Trace metals, such as cadmium (Cd), lead (Pb), zinc (Zn), nickel (Ni), and copper (Cu), are concerning contaminants due to their toxicity and persistence in the environment. Excessive accumulation in agricultural soils can adversely affect soil biology, plant growth, and pose health risks to consumers (Fowler, 2009; Nordberg, 2009). In Togo, studies have reported that phosphate deposits exploited in the Hahotoé and Kpogamé regions contain elevated levels of these TMs, increasing the risk of contamination of surrounding ecosystems (Tanouayi et al., 2015; Gnandi, 1998). In this context, valorizing water hyacinth through composting represents a promising approach to mitigate its environmental impact while producing an organic amendment beneficial for agriculture. Composting is a biological process that converts organic matter into a stabilized product rich in nutrients and beneficial microorganisms (Ghabbour et al., 2004; Center, 2002). However, given the plant’s capacity to accumulate TMs, it is crucial to assess the quality of compost derived from water hyacinth to prevent potential contamination of agricultural soils. Previous research has shown that most metals absorbed by the plant accumulate in the root system (Atakpa-Bassabi et al., 2023). Evaluating TMs in compost derived from water hyacinth allows for the assessment of its agronomic potential and identification of necessary precautions before large-scale application. Very few studies have addressed this issue in Togo, highlighting the relevance of this research. The main objective of this study is to determine the presence of trace metals in compost produced from water hyacinth in southern Togo to evaluate its suitability for agricultural use and minimize soil contamination risks.
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The main objective of this study was to determine the presence of trace metals in compost produced from water hyacinth in southern Togo to evaluate its suitability for agricultural use and minimize soil contamination risks
Specific Objectives 

The Objectives of the study were;
· To analyze the bioaccumulation of trace metals (TMs) in the aerial and root parts of water hyacinth to assess their contamination risk.
· To evaluate the levels of TMs in water hyacinth compost with respect to regulations for agricultural use.
· To determine the physico-chemical properties of the compost in order to assess its fertilization potential.
Materials and Methods
1.1 Study Area 
This study was conducted in the southwestern region of Togo, specifically in the Greater Lomé area, which covers an area of 425.6 km². The selection of sampling sites was guided by the significant presence of water hyacinth and the environmental issues associated with its proliferation. Samples were therefore collected from three lagoons: Nyékonakpoè, Bè, and Hanoukopé, known for their exposure to anthropogenic activities and the risk of contamination by trace metals (TMs) due to their use as informal waste disposal sites by local populations. Composting experiments were carried out at the Lomé Agronomic Experimentation Station (SEAL). Lomé is located on the coastal strip at 6°10′ latitude and 1°10′ east longitude, with an elevation ranging from 19 to 60 meters above sea level.
1.2 Composting Methodology and Biomass Decomposition Monitoring
Water hyacinth biomass was collected from the Nyékonakpoè, Bè, and Hanoukopé lagoons (Lomé) and transported to SEAL. Following the recommendations of Gajalakshmi and Abbasi (2008) and Haug (2018), the biomass was drained for 48 hours in the shade. Composting was carried out in inclined cemented bins to reduce leachates and excess moisture (Haug, 2018; Epstein, 2017). An aerobic composting method, inspired by the Indore and Bangalore techniques (Howard, 1943; Gotaas, 1956) and adapted with plastic covers (Tiquia and Tam, 2002), was applied. Four turnings were performed at weeks 2, 5, 8, and 12 to ensure proper aeration and homogenization. The compost reached maturity after 16 weeks.
1.3 Experimental Design of the Agronomic Trial
A completely randomized design was implemented, consisting of two treatments with three replicates each, totaling six (6) experimental units (Figure 1). The first treatment combined 95% chopped water hyacinth with 5% cow dung, while the second used unchopped water hyacinth in the same proportions. Each experimental unit contained 9.5 kg of biomass and 500 g of cow dung (Figure 2). This trial aimed to evaluate the influence of particle size on decomposition and the bioavailability of trace elements at the end of the composting process.[image: ]
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Figure 1: Experimental design of the agronomic 
trial for water hyacinth compost
1.4 [bookmark: _Hlk202458395]Laboratory Work
Laboratory analyses were conducted at the Laboratory for Research on Agro-resources and Environmental Health (LARASE) and at the Waste Management, Treatment, and Valorization Laboratory (GTVD), in the Environmental Geochemistry Analysis section of the Faculty of Sciences, University of Lomé. Samples of water hyacinth, compost, and leachates were transported to GTVD for the quantification of trace metals (TMs).
Preparation and Analysis of Plant Samples
Water hyacinth (Eichhornia crassipes) samples were collected from three sites and transported to the laboratory. After rinsing with distilled water, the samples were separated into aerial biomass (leaves, stems, flowers) and submerged biomass (roots). Each fraction was oven-dried at 105 °C for 5 days following Pinta (1980), then ground into a fine powder and stored in airtight containers. Concentrations of Cd, Cu, Hg, Ni, and Pb were determined using flame atomic absorption spectroscopy (FAAS), according to the methods described by Pinta (1980) and Welz and Sperling (2008).
Sampling and Analysis of Compost
At maturity (16 weeks), three fresh 1 kg samples were collected from the center and the ends of each compost pile and combined to form a 3 kg composite sample. A 1.5 kg aliquot was oven-dried at 105 °C for 48 h, ground, and sieved through a 1 mm mesh (ISO 11464:2006). Analyses included concentrations of Cd, Cu, Hg, Ni, and Pb using flame atomic absorption spectroscopy (FAAS) (Pinta, 1980), total nitrogen (Kjeldahl method; Bremner, 1996), available phosphorus (Bray and Kurtz, 1945), total organic carbon (Walkley and Black, 1934), and pH in water and KCl solution (AFNOR NF X31-103, 1999).
Analysis of Compost Leachates
Leachates from the composts were collected at the drainage outlets of the experimental bins. A 500 mL sample was taken from each water hyacinth-based compost. The leachates were then filtered through a 0.45 µm membrane and analyzed for concentrations of trace metals (Cd, Cu, Hg, Ni, Pb) using flame atomic absorption spectroscopy (FAAS) (Pinta, 1980).
· Weighted Mean Formula
The weighted mean of trace metal (ETM) concentrations was calculated for each site using the following formula:
[image: ]
Where:
· Cmp = weighted mean concentration of the element at the site;
· Ci = concentration of the element in part i of the plant (aerial or submerged part);
· Pi = proportion of the dry weight of part i in the total plant biomass;
· n = total number of parts considered (here, two: aerial part (PA) and submerged part (Pim)).
This method allows integrating the relative contribution of each plant compartment in the overall assessment of metal contamination at the site. The proportions used after calculation were:
· Bè : PA = 0,619 ; Pim = 0,381
· Hanoukopé : PA = 0,614 ; Pim = 0,386
· Nyékonakpoé : PA = 0,609 ; Pim = 0,391
Thus, the weighted mean concentration (Cmp) more accurately reflects the distribution of metals in the total plant biomass, taking into account the actual contribution of each organ to the overall dry weight.
1.5 Statistical Analysis of Collected Data
All collected data were entered into Microsoft Excel and subsequently analyzed using SPSS (Statistical Package for the Social Sciences), version 21.1.
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1.6 Bioaccumulation of Trace Elements in Water Hyacinth Collected from Different Sites
The analysis of trace element (TE) bioaccumulation in water hyacinth (Eichhornia crassipes) collected from the three studied sites (Nyékonakpoé, Bè, and Hanoukopé) revealed marked variations in concentrations depending on both the sampling site and the plant part considered (Table 1). Overall, the submerged portion (roots and basal tissues) exhibited higher concentrations of Cd, Pb, Cu, and Ni than the aerial parts.
· At Nyékonakpoé, the submerged tissues showed notably higher levels of Pb (7.57 mg/kg), Cu (5.42 mg/kg), and Ni (2.24 mg/kg) compared to the aerial tissues (1.08, 1.36, and 1.03 mg/kg, respectively). Cadmium (Cd) accumulation (0.35 mg/kg) was also more pronounced in submerged parts. However, Hg concentration was higher in the aerial tissues (372.99 µg/kg).
· At Bè, the difference between submerged and aerial parts was even more pronounced. Submerged tissues contained very high levels of Pb (12.22 mg/kg), Cu (13.23 mg/kg), and Ni (3.337 mg/kg) versus aerial tissues (5.55, 5.40, and 2.623 mg/kg, respectively), i.e., more than double the aerial concentrations. Conversely, Hg was primarily concentrated in aerial tissues (809.84 µg/kg), more than twenty times higher than in submerged tissues (37.88 µg/kg).
· At Hanoukopé, the pattern was similar to Bè. Submerged tissues accumulated more Pb (12.941 mg/kg), Cu (14.48 mg/kg), and Ni (3.45 mg/kg) than aerial parts (2.53, 3.93, and 1.852 mg/kg). This site showed the highest overall Pb and Cu levels. Hg concentrations were lower (101.52 µg/kg in aerial parts; 53.696 µg/kg in submerged parts) but still indicated background pollution.
These intra-site observations highlight the differential uptake and translocation capacities of water hyacinth. Metals with strong affinity for particulate matter and carboxyl groups (Pb, Cu, Ni) accumulate preferentially in roots, whereas Hg, being more volatile and able to adsorb on leaf surfaces, concentrates in aerial tissues.
Inter-site analysis, based on weighted averages accounting for dry biomass proportions, showed a clear contamination gradient. Overall, TE levels decreased from Bè (Pb: 8.097 mg/kg; Cu: 8.385 mg/kg; Ni: 2.895 mg/kg) to Nyékonakpoé (3.61; 2.94; 1.50 mg/kg) via Hanoukopé (6.55; 8.012; 2.47 mg/kg) for Pb, Cu, and Ni, indicating a pronounced spatial influence of anthropogenic pressure with a west-to-east increase in metal enrichment in the southern Togo lagoon.
Cd inter-site differences were smaller (Bè: 0.25 mg/kg; Nyékonakpoé: 0.19 mg/kg; Hanoukopé: 0.12 mg/kg). In contrast, Hg showed extreme variability (Bè: 515.76 µg/kg; Nyékonakpoé: 227.48 µg/kg; Hanoukopé: 83.06 µg/kg). Bè emerged as the most heavily contaminated site overall, whereas Cd was highest in Nyékonakpoé. Hanoukopé presented intermediate contamination, with moderate Hg atmospheric exposure.








[bookmark: _Hlk211526375]Table 1: Bioaccumulation of Trace Elements in Water Hyacinth Collected from Different Sites
	Analyzed Part of Water Hyacinth
	Sampling Site
	Sampling Date
	Analyzed Trace Elements (TEs)

	
	
	
	
	

	
	
	
	Cd
	Pb
	Cu
	Ni
	Hg
	

	
	
	
	(mg/Kg)
	(mg/Kg)
	(mg/Kg)
	(mg/Kg)
	(µg/Kg)
	

	P. A
	Nyékonakpoe
	2023-07-13
	0,18
	1,08
	1,36
	1,03
	372,99
	

	P.Im
	
	
	0,35
	7,57
	5,42
	2,24
	0,39
	

	Mean
	
	
	0,25
	3,61
	2,94
	1,50
	227,47
	

	P. A
	Bè
	
	0,17
	5,55
	5,40
	2,62
	809,84
	

	P.Im
	
	
	0,20
	12,22
	13,23
	3,33
	37,88
	

	Mean
	
	
	0,18
	8,09
	8,38
	2,89
	515,76
	

	P. A
	Hanoukopé
	
	0,09
	2,53
	3,93
	1,85
	101,52
	

	P.Im
	
	
	0,15
	12,94
	14,48
	3,45
	53,69
	

	Mean
	
	
	0,11
	6,55
	8,01
	2,47
	83,05
	



P.A: Aerial part of the water hyacinth
P.Im : Submerged part of the water hyacinth


1.7 Assessment of Trace Metal Contents in Water Hyacinth Compost
The analysis of trace metal (TM) concentrations in composts derived from water hyacinth, whether shredded or whole, revealed generally low levels of the heavy metals studied (Table 2). These concentrations are well below the regulatory thresholds established by the AFNOR NF U44-051 (2006) standard for composts intended for agricultural use, indicating a final product of good environmental quality. The measured values ranged from 0.20 to 0.35 mg/kg for cadmium (Cd), 6.07 to 7.23 mg/kg for lead (Pb), 6.78 to 7.18 mg/kg for copper (Cu), and 2.35 to 2.82 mg/kg for nickel (Ni). Mercury (Hg) was not detected in any of the samples analyzed. The differences observed between the two compost types were minor but informative. The shredded compost exhibited slightly higher concentrations of Cd (0.35 mg/kg) and Ni (2.82 mg/kg), but lower Pb levels (6.07 mg/kg) compared to the non-shredded compost (Pb: 7.23 mg/kg).

[bookmark: _Hlk211526941]Table 2: Assessment of Trace Metal Contents in Water Hyacinth Compos
	Type of Compost
	Analyzed Trace Elements (TEs)

	
	Cd 
(mg/Kg)
	Pb 
(mg/Kg)
	Cu 
(mg/Kg)
	Ni 
(mg/Kg)
	Hg 
(mg/Kg)

	Admissibility Threshold *    
	≤ 3 
	≤ 180
	≤ 300
	≤ 60
	<2 mg/kg MS

	Non-chopped Water Hyacinth Compost
	0,20
	7,23
	6,78
	2,35
	n.d.

	Chopped Water Hyacinth Compost
	0,35
	6,07
	7,18
	2,82
	n.d.



* AFNOR Standard NF U44-051 (2006)
n.d. = Not detected
1.8 Assessment of Trace Metal (TM) Contents in Leachates from Water Hyacinth Compost

The analysis of liquid leachates from water hyacinth composts, both shredded and unshredded, revealed residual trace metal (TM) concentrations at low levels. Overall, the measured TM contents in the compost leachates remained well below the admissible limits set by the AFNOR NF U44-051 (2006) standard (Cd ≤ 3 mg/kg, Pb ≤ 180 mg/kg, Cu ≤ 300 mg/kg, Ni ≤ 60 mg/kg) (Table 3). The observed concentrations were as follows: Cd at 0.021 mg/kg for unshredded compost and 0.005 mg/kg for shredded compost, Pb at 0.090 mg/kg and 0.039 mg/kg, Cu at 0.145 mg/kg and 0.101 mg/kg, and Ni <0.004 mg/kg in both cases, all significantly below regulatory thresholds.
In contrast, mercury (Hg) exhibited higher mobility, with concentrations of 24.286 µg/L in the unshredded compost leachate and 54.825 µg/L in the shredded compost leachate.

[bookmark: _Hlk211526967]Table 3: Assessment of Trace Metal (TM) Contents in Leachates from Water Hyacinth Compost
	Type of Compost
	Analyzed Trace Elements (TEs)

	
	Cd 
(mg/Kg)
	Pb 
(mg/Kg)
	Cu 
(mg/Kg)
	Ni 
(mg/Kg)
	Hg 
(µg/L)

	Admissibility Threshold *    
	≤ 3 
	≤ 180
	≤ 300
	≤ 60
	<1,0 µg/L

	Leachates from Compost Made with Non‑Chopped Water Hyacinth
	0,021
	0,090
	0,145
	<0,004
	24,286

	
	
	
	
	
	

	Leachates from Compost Made with Chopped Water Hyacinth
	0,005
	0,039
	0,101
	<0,004
	54,825


* AFNOR Standard NF U44-051 (2006)

1.9 [bookmark: _Hlk194336890]Physico-Chemical Characteristics of Composts Derived from Water Hyacinth
The analysis of composts produced from water hyacinth (Table 4) highlights physico-chemical properties favorable for sustainable agronomic valorization. Measured values indicate an alkaline pH ranging from 8.00 to 8.03, reflecting good chemical stability of the compost. The chopped water hyacinth compost stands out with higher concentrations of major nutrients: potassium (8,453.84 mg/kg), total nitrogen (8,307.25 mg/kg), and phosphorus (1,095 mg/kg), compared to the non-chopped compost (7,246.49 mg/kg, 7,484.75 mg/kg, and 1,042.50 mg/kg, respectively).
Table 4: Physico-Chemical Characteristics of Composts Derived from Water Hyacinth
	Type of Compost
	Physico-Chemical Parameters

	
	pH
	K (mg/Kg)
	Nt (mg/Kg)
	P (mg/Kg)

	Compost made from Unshredded Water Hyacinth
	8,00
	7 246,49
	7 484,75
	1 042,50

	ompost made from Shredded Water Hyacinth
	8,03
	8 453,84
	8 307,25
	1 095,00




Discussion
1.10 Bioaccumulation of Trace Elements in Water Hyacinth Collected from Different Sites

The results confirm the high bioaccumulation capacity of water hyacinth (Eichhornia crassipes) for trace elements (TEs), particularly in the submerged parts of the plant. This preferential accumulation of Pb, Cu, Ni, and Cd in the roots highlights the role of this macrophyte as a biofilter in contaminated aquatic ecosystems. The roots, being in direct contact with both water and sediments, facilitate metal adsorption and complexation through functional groups such as hydroxyls, carboxyls, and amines, as reported by Rezania et al. (2016) and Saha et al. (2017).
The marked difference between submerged and aerial parts reflects the physiological compartmentalization of metals. According to Rai et al. (2008), water hyacinth limits the translocation of potentially toxic metals to leaves to preserve the integrity of the photosynthetic apparatus. This mechanism relies on intracellular chelation and vacuolar sequestration into less toxic forms, involving the synthesis of phytochelatins and metallothioneins (Nedjimi, 2021; Monroy-Licht et al., 2024). Such strategies confer high tolerance to polluted environments and reinforce its potential in phytoremediation, as also demonstrated by Eid et al. (2019).
Mercury (Hg) behaves differently from other TEs. Its higher concentrations in aerial parts suggest a significant contribution from atmospheric inputs. Elemental mercury (Hg⁰), being volatile, can be absorbed directly by leaves (Millhollen et al., 2006; Wu et al., 2016). Additionally, phytovolatilization processes (Pilon-Smits, 2005) and transport via the transpiration stream (Bash et al., 2007; Carrasco-Gil et al., 2013) may explain its redistribution to aerial organs. These combined mechanisms account for the elevated Hg levels observed, particularly at Bè, a site potentially exposed to higher atmospheric emissions.
Inter-site analysis reveals a clear contamination gradient (Bè > Hanoukopé > Nyékonakpoé for Pb, Cu, and Ni), reflecting anthropogenic pressures. Bè, characterized by high urban density and proximity to industrial and port areas, exhibits the highest metal levels. Industrial activities, mechanical workshops, domestic discharges, waste burning, and runoff represent potential TE sources (Nabulo et al., 2012; Akpoti et al., 2020; Keumean et al., 2020). These findings align with Samecka-Cymerman and Kempers (2007), who reported that macrophytes in urban environments accumulate more heavy metals.
Beyond anthropogenic sources, lagoon hydrodynamics play a crucial role. Water circulation from west to east, combined with gentle slopes and downstream stagnation zones, promotes the migration and progressive sedimentation of metallic particles in eastern sectors. This mechanism explains the enrichment observed at Bè and corroborates studies by Badassan (2021) and Togbe et al. (2019), which highlighted similar gradients in West African lagoons.
In summary, the observed differential bioaccumulation results from the interaction between plant physiological traits, metal chemistry, anthropogenic pressures, and hydrological dynamics. These findings confirm the strategic role of Eichhornia crassipes as a bioindicator and a potential ecological management tool for contaminated aquatic environments in southern Togo.
1.11 Evaluation of Trace Element Contents in Water Hyacinth Compost
The assessment of trace elements (TEs) in compost derived from water hyacinth reveals variations depending on the preparation method. The admissible thresholds for TEs in compost intended for agricultural use vary according to regulations. In Europe, according to the NF U44-051 standard (AFNOR, 2006), the permissible limits for TEs in agricultural compost are: Cd ≤ 3 mg/kg, Pb ≤ 180 mg/kg, Cu ≤ 300 mg/kg, and Ni ≤ 60 mg/kg. Based on these thresholds, the values observed in water hyacinth compost remain below regulatory limits, indicating its potential suitability for agricultural applications without immediate risk of soil or plant toxicity (Parraga-Aguado et al., 2017). Shredding the biomass can accelerate the decomposition of plant tissues, thereby facilitating the release of TEs initially trapped in the biomass (Karassin et al., 2016; Parraga-Aguado et al., 2017). The observed increases in Cd and Ni in shredded compost may be explained by enhanced bioavailability due to the greater surface area in contact with the microbial environment. During composting, some TEs can become immobilized as organic complexes (humic complexes, chelation by organic acids) or trapped within stabilized organic matter (Ghosh et al., 2021). In contrast to other metals, Pb is slightly more concentrated in non-shredded compost. This may result from lower leaching or partial stabilization of Pb in organic complexes resistant to microbial degradation (Zhang et al., 2014; Zhou et al., 2017; Zhou et al., 2018). The non-detection of mercury in the compost is an environmental advantage, as this metal is highly toxic even at low concentrations. Elemental mercury (Hg⁰) may volatilize during composting, thereby reducing its presence in the final product (Yan et al., 2016).
1.12 Evaluation of Trace Element Contents in Leachates from Water Hyacinth Compost
The analysis of leachates from water hyacinth compost shows notable differences depending on the preparation method. The reduced leaching of Cd and Pb in the shredded compost may also be attributed to its higher pH, which promotes the precipitation of metals into less mobile forms (Wei et al., 2014; Zheng et al., 2022). In contrast to Cd and Pb, mercury (Hg) is more soluble and volatile under certain conditions. Its increased concentration in the leachate from shredded compost may result from several factors: faster degradation of organic matter in the shredded compost, releasing previously trapped Hg; enhanced microbial processes promoting the conversion of Hg into more soluble forms, such as methylmercury (MeHg), which is more mobile and bioavailable (Ullrich et al., 2001); and a lower affinity of Hg for the stabilized organic fractions in shredded compost compared to Pb and Cd.Copper (Cu) and nickel (Ni) concentrations are relatively low in both leachates, suggesting that these metals are either strongly immobilized in the organic matrix or present at low levels in the initial water hyacinth biomass. Cu is often tightly bound to organic and clay compounds, while Ni can be immobilized as oxides or precipitated under specific pH conditions (Tangahu et al., 2011). Overall, the leachate analysis indicates that water hyacinth compost, whether shredded or intact, maintains low concentrations of most trace elements, with mercury being the exception due to its mobility and volatility. These results emphasize the importance of monitoring Hg when using such composts in agricultural applications.
1.13 Physico-Chemical Characteristics of Composts Derived from Water Hyacinth
The evaluation of composts derived from water hyacinth reveals characteristics favorable to soil fertility improvement, including an alkaline pH and high concentrations of essential nutrients (K, N, P). Shredding prior to composting appears to influence nutrient mineralization, leading to enhanced release of potassium (K), total nitrogen (TN), and phosphorus (P). The resulting composts exhibit a pH close to 8.0, indicating an alkaline nature. A slightly alkaline pH is generally beneficial for organic waste composting, as it reduces ammonia volatilization and promotes beneficial microbial activity (Bernal et al., 2009). Moreover, a pH above 7.0 may decrease the bioavailability of trace elements (TEs), thereby limiting their toxicity to plants (Zhu et al., 2023). Compost produced from shredded water hyacinth shows higher potassium concentrations compared to non-shredded compost. This suggests that shredding: (i) accelerates the degradation of organic matter, enhancing nutrient release (Zhang and Sun, 2014); and (ii) increases the contact surface area for microbial activity, thereby optimizing the transformation of organic compounds into plant-available forms (Tambone et al., 2010). Potassium plays a crucial role in improving nutrient availability and is essential for plant growth and resistance to water stress. It contributes to improved root morphology, efficient stomatal regulation, and enhanced osmotic adjustment (Wang et al., 2013).
Conclusion
This study assessed the bioaccumulation and distribution of trace elements (TEs) in water hyacinth (Eichhornia crassipes) as well as in compost produced from this biomass within a lagoon context in southern Togo. The results confirm the plant’s strong bioaccumulative capacity, with maximum concentrations of Pb (12.94 mg/kg), Cu (14.49 mg/kg), and Ni (3.46 mg/kg) recorded in the submerged parts, exceeding those in the aerial parts. These findings highlight the root biofilter function of water hyacinth and support its relevance as a bioindicator of water quality. Mercury (Hg) accumulated predominantly in aerial organs, indicating the influence of atmospheric contamination and phytovolatilization mechanisms. The spatial distribution of TEs shows an increasing west–east gradient (Nyékonakpoé < Hanoukopé < Bè), reflecting the combined effects of anthropogenic activities and lagoon hydrodynamics. Downstream sites such as Bè exhibited the highest levels, likely related to the sedimentation of metal-bearing particles transported by water flows. Compost analyses revealed that residual metal concentrations (Pb up to 7.23 mg/kg; Cd 0.35 mg/kg) remain below European regulatory thresholds (AFNOR NF U44-051, 2006), supporting its safe agricultural use. The compost exhibited an alkaline pH (≈ 8.0) and high concentrations of major nutrients (K: 8,453.84 mg/kg; N: 8,307.25 mg/kg; P: 1,095 mg/kg), particularly in shredded compost, which promotes mineralization and metal retention. Overall, the valorization of water hyacinth into compost represents an ecological and sustainable strategy that combines invasive biomass management with the production of a nutrient-rich organic amendment. Nevertheless, the persistence of certain metals, particularly Hg, requires regular environmental monitoring to prevent long-term accumulation in soils and food chains.
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