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ABSTRACT
This study evaluates the role of pollution-preventing aquatic macrophytes in the industrial zones of Jajpur district, Odisha, India. Surveys were conducted in 2024 across various aquatic habitats within these zones to document aquatic phytodiversity and assess its potential in pollution mitigation. Both extensive and intensive floristic surveys were performed, and voucher specimens were collected and preserved using standard herbarium techniques. A total of 23 aquatic plant species were identified, representing 23 genera and 18 families. These included 7 free-floating, 4 marshy, 7 amphibious, 2 submerged, and 3 fixed-floating species. Quantitative diversity indices were applied to evaluate species richness and distribution. Species richness (S) was 23, indicating a relatively high level of biodiversity. The Shannon-Wiener Diversity Index (H') was calculated at 1.5, suggesting moderate diversity, with certain species showing dominance. Simpson’s Diversity Index (D) was found to be 0.762, indicating a moderately diverse community with a few dominant species. These aquatic plants play a vital ecological role by reducing water pollution, supporting biodiversity, and contributing to the ecological stability of industrial aquatic ecosystems. Additionally, they offer economic and cultural benefits to local communities, reinforcing their importance in sustainable livelihoods. Given the increasing pressure on aquatic habitats from industrial expansion and pollution, conservation of these macrophytes is crucial. Protecting these species ensures the preservation of their ecological functions, particularly in natural water purification and habitat stabilization. Conservation efforts should include habitat protection, pollution control, community awareness, and the integration of aquatic plant biodiversity into local environmental planning. The study underscores the need for further research into the ecological functions, distribution, and conservation of these aquatic plants to enhance pollution management strategies and promote the sustainable use of these valuable bio-resources for future generations.
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Introduction
Environmental pollution, driven by anthropogenic activities such as industrial expansion, urbanization, agriculture, and improper waste disposal, has emerged as a critical global concern. Among the various pollutants released into the environment, heavy metals pose a particularly severe threat due to their persistence, bioaccumulation potential, and toxicity. These metals—often discharged from industrial processes, mining operations, and agricultural runoff—can accumulate in terrestrial and aquatic ecosystems, leading to detrimental effects on both biodiversity and human health (Waisberg et al., 2003). The problem is especially pronounced in developing regions, where regulatory oversight and remediation infrastructure are often limited.
In response to the growing challenge of heavy metal contamination, phytoremediation has gained prominence as a sustainable and cost-effective remediation strategy. This approach utilizes plants to remove, stabilize, or degrade environmental pollutants through mechanisms such as phytoextraction, phytodegradation, phytostabilization, phytovolatilization, and rhizofiltration. Aquatic macrophytes, in particular, have demonstrated significant potential in mitigating waterborne pollutants due to their rapid growth, high biomass production, and adaptive tolerance to contaminated environments.
Aquatic ecosystems—comprising freshwater, marine, brackish, and artificial habitats—are ecologically significant zones that support diverse biological communities. In regions such as the Jajpur district of Odisha, freshwater ecosystems are shaped by variations in topography, hydrological cycles, and the physico-chemical properties of soil and water. Aquatic plants, which are morphologically and anatomically adapted to waterlogged conditions, serve as primary producers and play a vital role in nutrient cycling, habitat structure, and water purification (Sahoo & Nayak, 2022). However, the proliferation of invasive aquatic weeds can disrupt ecosystem balance and reduce native biodiversity, necessitating effective management strategies (Jena et al., 2023).
Despite increasing industrial activity and associated water pollution in Jajpur, several aquatic macrophytes in the region exhibit notable tolerance to heavy metals and other contaminants. Prior studies have explored the phytoremediation potential of various aquatic species for removing heavy metals (Odjegba & Fasidi, 2007; Abdulwahid, 2023), synthetic dyes (Tan et al., 2016; Ewadh, 2020; Baldawi et al., 2020), and pharmaceutical residues (Singh et al., 2019; Cerbaro & Rocha, 2022). Sahoo et al. (2024) documented 84 aquatic plant species in the area, yet there remains a lack of targeted research on pollution-preventing aquatic macrophytes specific to this region.
Therefore, the present study aims to conduct a comprehensive floristic survey and diversity analysis of pollution-tolerant aquatic macrophytes in the freshwater ecosystems of Jajpur district, Odisha. The objective is to identify species with phytoremediation potential and promote their conservation for sustainable ecosystem management.

Study area
Jajpur district spread over an area of 2899 sq km in Odisha. Jajpur is located at 85040’E to 86044’E longitude and 20030’N to 210 10’N latitude. It has various blocks including Bari, Barchana, Binjharpur, Danagadi, Dasarathapur, Dharmasala, Jajpur, Korei, Rasulpur and  Sukinda. Among them, Danagadi and Sukinda are famous for its mineral-based industries and mines pockets. The district is rich in minerals like chromite, iron ore, nickel ore, quartzite and pyroxenite. Tata steel,Visa steel, Jindal steel, Nilachal Ispat Nigam Ltd., Mesco steel etc. are the well known mineral based industries located in and arouud this area. Hence this area is popularly known as steel city of the district. The district is facilitated by river Brahmani, Baitarani and their tributaries (Sahoo et al. 2024).
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                                       Fig-1 Location of study area
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Methodology
Several field trips have been conducted in different seasons of the year 2023 to different aquatic habitats of Jajpur district to collect plant specimens. The steps like identification, processing, drying and herbaria preparation of the specimens were carried out by following standard methods. Plant identification was done by using the Flora of Bihar and Orissa (Haines, 1925) and the Flora of Orissa (Saxena and Brahmam, 1994). The phytoremediation potential of the plant species is reviewed from different published literature. All the voucher specimens of the plant species found have been deposited in the herbarium of N.C. Autonomous College, Jajpur. The plants were classified based on their habitat. Diversity study has also been conducted based on different ecological parameters like species richness, Simpson's Diversity Index (D) and 
 Shannon-Wiener Diversity Index (H').
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Fig-2 Some pollution-preventing aquatic plants from the study site






Results
Table-1.  List of the pollution-preventing aquatic plants from the study site
	Sl. No
	Plant Group
	Plant Name and Family
And Voucher No.
	Bioremediation activities

	

01
	











Free floating plants















Free floating plants
	Azolla microhylla Kaulf       (AZOLLACEAE)
NCACBOT0128
	· Phytoremediation of  lead from the aqueous environment (Mishra et. al 2014) and Ni-contaminated water (Biswasi et.al 2014)
· Bioremediation of bio-ethanol wastewater (Annisa  et.al 2021)

	02
	
	Eichhornia crassipes (Mart.)Solms-Laub            (PONTEDERIACEAE)
NCACBOT0135
	· Removal of  Cr, Cd, Ag, Ni, Zn, Cu, Pb & Hg (Odjegba and Fasidi 2007) and Sodium Cyanide (Ebel et. al 2007)
· Phytoremediation of Methylene Orange and Methyl Blue(Tan et. al 2016)

	03
	
	Pistia stratiotes L. (ARACEAE)
NCACBOT0450
	· It has the ability of phytoremediation of Cd (Das et.al 2014), antibiotics ciprofloxacin (Masiyambir et. al 2023) and herbicide clomazone in water (Escoto et. al 2019)

	04
	
	Salvinia molesta D.Mitch
(SALVINIACEAE)
NCACBOT673
	· Can remove Phosphate and Nitrate (Ng, and       Chan, 2017).
· Decontamination of Ni, Cu, Pb, Zn, Cd & Fe (George and Gabriel 2017)
· Biodecolorization of methyl orange (Baldawi et. al 2020)

	05
	
	Spirodola polyrrhiza (L.) Schleid(LEMNACEAE)
NCACBOT0822
	· Accumulate arsenic (Rahman et.al 2007) and decolorize  methylene blue (Manghabati and Pazuki 2014)
· Degradation of antibiotic Ofloxacin (Singh et.al 2019)

	06
	
	Wolffia globosa (Roxb.)
Hartog &Plas
(ARACEAE)
NCACBOT1003
	· Potential Cd accumulator (Xie et.al 2013)
· Plant Nutrient remediation (Landesman et.al 2010)
· Removal of benzotriazoles from water (Polińska et.al 2022)

	07
	
	Lemna minor L.
(LEMNACEAE)
NCACBOT0357
	· Phytoremediation potential of Ni, Cd, Pb, and Cu (Bokhari et. al 2016) 
· Removal of methylene blue (MB) dye (Imron et. al 2019)
· Capacity to remove the antibiotics Amoxicillin   (Cerbaro and Rocha 2022)



	08
	





Submerged plants
	Ceratophyllum demersum L.
(CERATOPHYLLACEAE)
NCACBOT0232
	· Phytoremediation can be used to remove methylene blue by the help of Ceratophyllum demersum (Ewadh 2020)
· Phytoremediation of cadmium (Abdulwahid 2023) and antibiotics tetracycline  from contaminated water (Ali et.al 2023)

	09
	
	Hydrilla verticellata (L.f.) Royle
(HYDROCHARITACEAE)
NCACBOT0463
	· Phytoremediation of lead (Hassan et.al 2016); Cr and Cu(Abdul-Alghaffar et.al 2016)
· Removal of metronidazole (Ewadh and Satee 2022)


	10
	






Marshy plants
	Cyperus rotundus L.
(CYPERACEAE)
NCACBOT0301
	· Phytoremediation of cadmium and chromium (Subhashini & Swamy 2014)
· Phytoremediation of fluoride from water (Khandare et. al 2021)
· Soil contaminated by crude oil can be bioremediated (Basumatary et al., 2012).

	11
	
	Eclipta prostrate (L.) L.
(ASTERACEAE)
NCACBOT0155
	· Nickel accumulation (Chandrasekhar & Ray 2019)

	12
	
	Vetiveria zizanioides (L.)Nash.
(POACEAE)
NCACBOT0887
	· Phytoremediation of phenol (Sing et. al 2008)
·  Heavy metals and inorganic waste removal (Danh et. al 2009)

	13
	
	Ludwigia peploides (Kunth) P.H. Raven
(ONAGRACEAE)
NCACBOT0364
	· Bioaccumulation of heavy metals  (Salawu et. al 2018)
· Hydroponic Phytoremediation of atrazine and lambda-cyhalothrin by hydroponic method  (Bouldin et. al 2006)

	14
	














Amphibious plants
	Typha angustata Bory & Chaub.
(TYPHACEAE)
NCACBOT0906
	· Ability of  heavy metals removal (Chandra and Yadav 2010)
· Removal of dyes and effluents released from textile industries (Khandar and Govindwar 2015).
·    Phytoremediation of pharmaceutical-contaminated wastewater (Li et.al 2020)

	15
	
	Polygonum hydropiper L.

(POLYGONACEAE)
NCACBOT0701
	· Treatment of  livestock wastewater containing N and P (Zheng et.al 2013)
· Phytoremediation of paddy soil contaminated with manganese (Yang et.al 2018)

	16
	
	Aeschynomene indica L.
(FABACEAE)
NCACBOT0111
	· Removal of 2, 4, 6-trinitrotoluene (Kwon et. al 2004)
· Heavy metals (Cd, Pb) (Lee et. al 2007)

	17
	
	Alternanthera Philoxeroides
(Mart) Griseb
(AMARANTHACEAE)
NCACBOT0176
	· Phytoremediation of Cd (Yan et. al 2023)
· Treatment  of red dye  containing sulfonated Remazol (Rane et. al 2015)
· Removal of ibuprofen (Du et. al 2021)

	18
	
	Monochoria hastate Solms-Laub.
(PONTEDERIACEAE)
NCACBOT0288
	· Phytoremediation of Cd (Baruah et. al 2017)
· Removal of  Arsenic from soil (Islam et. al 2013)

	19
	
	Marsilea minuta L.
(MARSILEACEAE)
NCACBOT0662
	· Removal of  arsenic from soil and water (Singh et. al 2022)
· Cadmium accumulation (Das et. al 2013)

	20
	
	Enydra fluctuans Lour.
(ASTERACEAE)
NCACBOT0196
	· Cu and Pb accumulation and removal  (Parven et. al 2022)
· Arsenic accumulation (Shaheen et. al 2006)

	21
	






Fixed floating plants
	Ipomoea aquatica Forssk.
(CONVOLVULACEAE)
NCACBOT0374
	· Removal of Zn, Pb and Cd from polluted soil (Saad 2020)
· Phytoremediation of chromium and manganese (Haokip & Gupta 2021)

	22
	
	Nelumbo nucifera Gaertn.
(NYMPHACEAE)
NCACBOT0889
	· Heavy metals phytoremediation (Hamidian et. al 2016)
· Phytoremediation of phosphorous from domestic wastewater (Thongtha et. al 2014)


	23
	
	Nymphaea nouchali  Burm.f
(NYMPHACEAE)
NCACBOT0908
	· Phytoremediation of Vegetable Leachate by Nymphaea nouchali (Mokhtar et. al 2020)




Table-2. Floral statistics of pollution preventing aquatic macrophytes from the study site
	

Taxa
	
Plant groups based on their habit

	
	
Free floating
	
Submerged
	
Marshy
	
Amphibious
	
Fixed floating

	Species
	07
	02
	04
	07
	03

	Genera
	07
	02
	04
	07
	03

	Families
	05
	02
	04
	07
	02





Statistical analysis 
Species richness (S)
It is the total of different species in a given area. It's simply the count of species, without accounting for their abundance(Magurran 2004).
Species count
· Free Floating: 7
· Submerged: 2
· Marshy: 4
· Amphibious: 7
· Fixed Floating: 3
Total Species Richness (S)
Stotal​=7+2+4+7+3=23
Thus, the total species richness (S) is 23.
Table-3	Calculation of Shannon-Wiener Diversity Index (H')
and Simpson's Diversity Index 

	Plant Group

	Species count
	Proportion (pᵢ)
	ln(pᵢ)
	pᵢ×ln(pᵢ)
	pᵢ²

	Free Floating

	7
	7/23
	-1.18
	-0.359
	0.092

	Submerged

	2
	2/23
	-2.44
	-0.212
	0.007

	Marshy

	4
	4/23
	-1.75
	-0.304
	0.030

	Amphibious

	7
	7/23
	-1.18
	-0.359
	0.092

	Fixed Floating

	3
	3/23
	-2.03
	-0.264
	0.017



Shannon-Wiener Diversity Index (H')
The Shannon-Wiener Diversity Index accounts for both species richness and evenness (the distribution of individuals among species).
The formula for H' is:
H′=−∑(pi​⋅ln(pi​)) (Shannon 1948)
Where:
· pi​ is the proportion of individuals belonging to the ith species in the sample.
· ln (pi) is the natural logarithm of pi​.

Shannon-Wiener Index (H') Calculation
H′=−∑(pi​⋅ln(pi​))= -(-1.498)= 1.5
Thus, H' ≈1.50
Simpson's Diversity Index (D):
The Simpson's Diversity Index is another measure of diversity, but it places more emphasis on the dominance of certain species. The formula for Simpson’s Index is:
D=1−∑(pi2​)  (Simpson 1949)
Where:
· pi is the proportion of individuals of the ith species, as with H'.
∑(pi2​) = 0.092+0.007+0.030+0.092+0.017 = 0.238
D= 1 −∑(pi2​) = 1−0.238=0.762

          The investigation identified a total of 23 aquatic plant species, which belong to 23 genera and 18 families, in the industrial areas of Jajpur district, Odisha. The monocot flora comprises 10 species, spread across 10 genera and 7 families, while the dicot flora consists of 10 species from 10 genera and 8 families. The Pteridophytes are represented by 3 species from 3 genera and 3 families. Among the plant families, Asteraceae, Araceae, and Pontederiaceae each contribute 2 species, whereas the following families contribute only one species each: Poaceae, Cyperaceae, Ceratophyllaceae, Typhaceae, Nymphaceae, Fabaceae, Onagraceae, Polygonaceae, Lemnaceae, Hydrocharitaceae, Amaranthaceae, Convolvulaceae, Salviniaceae, Marsileaceae and Azolaceae.

         Table-1 lists the pollution-preventing aquatic macrophytes identified in the study area, along with their bioremediation activities. This comprehensive overview underscores the significant role of specific species such as Eichhornia crassipes, Pistia stratiotes, and Ceratophyllum demersumetc. in mitigating pollutants like heavy metals, dyes, and pharmaceuticals, highlighting their phytoremediation potential
        The habitat-wise distribution of these plant species shows that free-floating and amphibious plants are the most abundant, with each contributing 7 species to the overall community. Marshy plants are the second most numerous, with 4 species, followed by fixed-floating plants (3 species) and submerged plants (2 species), as shown in Table-2. This suggests that free-floating and amphibious plants dominate the aquatic habitats of the region, while other plant forms are less represented.
        Species diversity analysis using the Shannon-Wiener Diversity Index (H') yielded a value of 1.5, indicating moderate diversity within the plant community. The Simpson’s Diversity Index (D) was calculated at 0.762, supporting the moderate diversity found in the community, with some species showing dominance over others. Species richness (S) was calculated to be 23, indicating a relatively diverse plant community contributing to the ecological balance of the area.

Discussion
The aquatic plant community documented in the industrial zones of Jajpur district exhibits moderate diversity, as indicated by the Shannon-Wiener Index (H' = 1.5) and Simpson’s Index (D = 0.762). Ecologically, these values suggest a community that is neither highly homogeneous nor highly diverse, with a few species exerting dominance. In polluted environments, such patterns may reflect selective pressure, where only species with higher tolerance to contaminants persist, leading to reduced evenness. Similar trends have been reported in other industrially impacted freshwater systems, such as those studied by Mishra et al. (2018) in eastern India, where pollution-tolerant macrophytes dominated low-diversity assemblages. The presence of free-floating and amphibious species—including Eichhornia crassipes, Pistia stratiotes, and Alternanthera philoxeroides—may indicate their adaptive resilience to fluctuating water quality and pollutant loads. While these species are known for their phytoremediation potential (Odjegba & Fasidi, 2007; Tan et al., 2016), the current study did not directly measure pollutant concentrations or uptake rates. Therefore, claims regarding their tolerance should be interpreted cautiously and warrant further experimental validation.
The observed species richness (S = 23) is relatively high for a polluted aquatic system, suggesting that despite industrial pressures, the ecosystem retains a degree of functional redundancy and ecological resilience. However, without baseline data from less disturbed sites or seasonal comparisons, it is difficult to determine whether this richness reflects long-term stability or short-term variability. Seasonal fluctuations, hydrological changes, and unmeasured pollutant gradients may all influence species composition and abundance.
One limitation of this study is the absence of direct water quality data, which restricts the ability to correlate plant diversity with specific pollutant levels. Additionally, the survey was conducted during a single season, potentially overlooking temporal dynamics in species distribution and community structure. Future studies should incorporate multi-seasonal sampling, physico-chemical water analysis, and controlled experiments to assess pollutant uptake capacities and tolerance thresholds of dominant species.
To build on these findings, future research should focus on:
· Quantifying heavy metal concentrations in water and sediments
· Testing pollutant uptake efficiency of key macrophytes under controlled conditions
· Assessing physiological and biochemical responses of plants to contaminant exposure
· Mapping species distribution across pollution gradients to identify indicator taxa
These insights can inform local conservation strategies, particularly in identifying and protecting pollution-buffering species. Moreover, integrating phytoremediation into aquatic plant management and pollution mitigation programs could offer sustainable solutions for restoring degraded water bodies in industrial regions like Jajpur.

This study documents the diversity and ecological characteristics of aquatic macrophytes in the industrial zones of Jajpur district, Odisha, with a focus on species potentially tolerant to pollution. The plant community exhibited moderate diversity, as indicated by the Shannon-Wiener Index (H' = 1.5) and Simpson’s Index (D = 0.762), suggesting a community shaped by environmental stressors, likely due to industrial contamination. A total of 23 species were recorded, with a dominance of free-floating and amphibious hydrophytes, which are known to thrive in disturbed aquatic habitats.
While the study did not directly measure pollutant uptake, the presence and prevalence of certain species—such as Eichhornia crassipes, Pistia stratiotes, and Alternanthera philoxeroides—suggest their potential resilience to industrial pollutants and their suitability for future phytoremediation research. These findings contribute to a growing body of evidence that aquatic macrophytes can play a role in ecosystem stabilization and pollution buffering, particularly in regions facing rapid industrial expansion.
Importantly, this baseline floristic assessment lays the groundwork for targeted experimental studies on pollutant tolerance and uptake efficiency. It also underscores the need for conservation and management strategies that incorporate pollution-tolerant species into local waterbody restoration efforts. By identifying and protecting these ecologically valuable plants, stakeholders can promote sustainable remediation practices and enhance biodiversity in industrially impacted freshwater ecosystems.

Conclusion

This study documents the diversity and ecological characteristics of aquatic macrophytes in the industrial zones of Jajpur district, Odisha, with a focus on species potentially tolerant to pollution. The plant community exhibited moderate diversity, as indicated by the Shannon-Wiener Index (H' = 1.5) and Simpson’s Index (D = 0.762), suggesting a community shaped by environmental stressors, likely due to industrial contamination. A total of 23 species were recorded, with a dominance of free-floating and amphibious hydrophytes, which are known to thrive in disturbed aquatic habitats.
While the study did not directly measure pollutant uptake, the presence and prevalence of certain species—such as Eichhornia crassipes, Pistia stratiotes and Alternanthera philoxeroides—suggest their potential resilience to industrial pollutants and their suitability for future phytoremediation research. These findings contribute to a growing body of evidence that aquatic macrophytes can play a role in ecosystem stabilization and pollution buffering, particularly in regions facing rapid industrial expansion.
Importantly, this baseline floristic assessment lays the groundwork for targeted experimental studies on pollutant tolerance and uptake efficiency. It also underscores the need for conservation and management strategies that incorporate pollution-tolerant species into local waterbody restoration efforts. By identifying and protecting these ecologically valuable plants, stakeholders can promote sustainable remediation practices and enhance biodiversity in industrially impacted freshwater ecosystems.
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